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2 INFLUENCE OF BORAX AND 

conclusions which are so much at variance cannot be accepted 
without careful consideration. 

Cyon's experiments were conducted simultaneously on three 
full-grown dogs which were fed upon a diet almost exclusively 
proteid. His observations were practically limited to deter- 
mining changes in body-weight during short periods, with an 
estimation of the nitrogen of the urine. He found that during 
the period when borax was included in the food, the animals 
gained noticeably in body-weight and that less nitrogen was 
contained in the excreta than in the ingesta. From these 
very crude observations the conclusion was drawn that borax, 
even to the extent of 12 grams per day, may be ingested with 
the food, especially when the latter is essentially proteid in 
nature, without provoking the slightest disturbance in general 
nutrition. Farther, Cyon appeared to see in his results 
evidence that borax, if substituted for common salt in food, 
will facilitate the assimilation of the latter and bring about a 
great increase in the weight of the animal. Such deductions, 
however, were wholly unwarranted from the data at hand, for 
not only were the periods of observation exceedingly short, 
but, as pointed out by both Gruber * and C. Voit,t the animals 
at the beginning were much emaciated and received throughout 
the experiment such excessive quantities of meat that increase 
of body-weight would have inevitably followed without the 
presence of borax. Consequently, all that can be inferred 
legitimately from Cyon's experiments is that assimilation and 
general metabolism were not seriously affected by borax in 
the quantities given. 

In Gruber's work more scientific methods were pursued, 
but it may well be questioned whether the conditions under 
wliieh tlie experiments were conducted were adiipted for 
bringing out clearly the full action of borax upon proteid 
metabolism. The two dogs employed were fed simply upon 
meat and water, and were presumably in a condition of 
nitrogenous equilibrium. In the first experiment, where the 

• Gruber, loc. cit 

t Voit, Hermann's Handbuch der Phjsiologie, Band 6, Theil I, p. 105w 



8 INFLUENCE OF BORAX AND 

f onned was distilled into quarter-normal hydrochloric acid, the 
latter being titrated with quarter-normal ammonia, using 
Congo red as an indicator. 

Sulphur and phosphorus were determined in the customary 
manner by evaporating a given volume of the urine — 25 c.c. 
for each determination — in a roomy silver crucible with 10 
grams of pure sodium hydroxide (made from the metal) and 2 
grams of potassium nitrate, igniting the residue until oxidation 
was complete and treating the fused mass with water. For 
sulphur, the mixture was acidified with hydrochloric acid, 
evaporated to dryness, tlie residue moistened with a few drops 
of hydrochloric acid and dissolved in hot water. The filtered 
solution was then precipitated in the usual manner with 
barium chloride, the resultant barium sulphate filtered, ignited, 
and weighed, thus giving data for calculation of the total 
sulphur. For phosphorus, the aqueous extract of the oxidized 
urine was acidified with nitric acid, evaporated to dryness, the 
residue moistened with nitric acid and dissolved in warm 
water. From this solution the phosphoric acid was precipi- 
tated in the usual manner with molybdic solution and eventually 
transformed into ammonio-magnesium phospliate. From the 
weight of magnesiimi pyrophosphate obtained, the total 
phosphorus of the urine was calculated. 

Uric acid was determined by the well-known Salkowski- 
Ludwig silver method, using 100-200 c.c. of urine. 

Phosphoric acid was determined by Mercier's * modification 
of Neubauer's method, i. «., by titration of 50 c.c. of urine with 
a standard solution of uraniimi nitrate and tincture of cochineal 
as an indicator. 

Total sulphuric acid was estimated by diluting 25 c. c. of 
urine with 3-4 volumes of water, adding 5 c. c. of dilute 
hydrochloric acid, heating to boiling, and precipitating hot 
with barium chloride. The barium sulphate so obtained, after 
standing twenty-four hours in a warm place, was washed vdth 
hot water until free from chlorides and lastly with hot alcohol, 
ignited, and weighed. 

* See Neubauer und Vogers Analyse dcs Harns, neunte Auflage, p. 460. 
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The relative excretion of nitrogen for the seven periods is 
shown in the following table : 



I. 



n. 



in. 



Nitrogen of Food . 
Nitrogen of Urine . 
Nitrogen of Fseces . 
Nitrogen of Hair . 

Nitrogen Balance 

Ratio of Urine and ELair 

Nitrogen to Food Nitro- 



Fore Fwiod. lint Borax Period. Flnt After Period. 

60.885 
48.324 

2.176 > 61.686 
1.186 



62.163 
40.008 \ 
1.417 > 51.734 
1.224 ) 

+0.429 



60.995 
47.430) 
1.845 [ 50.834 
1.059) 



-O.801 



gen 96.4 per cent. 97i2 per cent. 



+0.661 



96.0 per cent. 



Nitrogen of Food . . 

Nitrogen of Urine . . 

Nitrogen of Faeces . . 

Nitrogen of Hair . . 

Nitrogen Balance 
Batio of Urine and Hair Ni- 
trogen to Food Nitrogen . 



IV. 

Borio Add Period. 

51.200 
45.939 \ 
1.822 > 49.026 
1.265 )__ 

+2.174 



V. 

Second After Period. 

51.252 
46.438) 
1.465 > 49.130 
1.227 ) 

+2.122 



92.2 per cent. 93.0 per cent. 

VI. VII. 

Second Borax Period. Third After Period. 



Nitrogen of Food . . 

Nitrogen of Urine . . 

Nitrogen of Fseces . . 

Nitrogen of Hair . . 

Nitrogen Balance 
Ratio of Urine and Hair Ni 



61.154 
52.363 ) 
2.737 [ 56.032 
0.932 ) 

-4.878 



51.169 
48.778 ) 
2.089 [ 51.830 
0.963) 



-0.661 



trogen to Food Nitrogen . 104.1 per cent. 97.2 per cent 

In the first borax period of eight days, with a total con- 
sumption of 32.5 grams of borax, i. e., an average of 4 grams 
per day, there is pi'actically no change in the rate of proteid 
metabolism. There is, however, a slight rise in the amount 
of faecal nitrogen similar to that noticed in the first experi- 
ment with borax, by which the nitrogen balance is somewhat 
changed, but there is plainly no effect produced on proteid 
metabolism. In the second borax period, on the other hand, 
there is evidence for the first time of a distinct and unques- 
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BORIC ACID UPON NUTRITION. 41 

Boiax and boric acid, when given in quantities equal to 
1.6-2.0 per cent of the daily food are liable to produce nausea 
and vomiting. 

Owing to the rapid elimination of both borax and boric acid, 
no marked cumulative action can result from their daily in- 
gestion in moderate quantities. 

At no time in these experiments was there any indication of 
abnormality in the urine; albumin and sugar were never 
present. 



THE MUCIN OF WHITE FIBROUS CONNECTIVE 

TISSUE.* 

By R. H. CHITTENDEN and WILLIAM J. GIES. 

All of the bodies belonging to the group of mucins and 
mucoids are possessed of considerable physiological interest, 
owing especially to their peculiar compoimd nature and the 
illustration which they afford of a possible intimate union 
between the proteid group and carbohydrate radicles. That 
there are a number, possibly a large number, of closely related 
bodies belonging to the mucins and mucoids there can be no 
question. Thanks to the labors of Hammarstenf and his 
pupils, many of these bodies have been subjected to careful 
and thorough investigation, and much light has been thrown 
upon their relationships and differences. There is still, 
however, much to be ascertained regarding these bodies, and 
any additional facts broadening or substantiating our present 
knowledge are to be welcomed as contributing toward a more 
complete understanding of their genetic relationships. The 
union of carbohydrate groups with proteid molecules is 
probably more common than has hitherto been supposed, as 
witness the peculiar gluco-nucleoproteid recently described by 
Hammarsten J as a constituent of the pancreas and other 
glands, and the identification by Kossel§ of a peculiar 
carbohydrate group as a cleavage product of certain forms of 
nucleic acid. Presumably in these compound proteids of the 
mucin type the character of the proteid radicle as well as of 

• Reprinted from the Journal of Experimental Medicine, vol. i. 
t Pfliiger's Archiv f. Physiol., Band xxxvi ; Zeitschr. f. physiol. Chem., 
Band x and xii. 

X Zeitschr. f. phjsiol. Chem., Band xix. 

{ Da Bois-Reymond's Archiv f . Physiol., Physiol. Abtheil., 1801. 
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and fluffy. The yield amounted to twelve grams of the diy 
product, and, assuming that the entire amount of mucin had 
been extracted from the tendons, and disregarding the loss 
incidental to purification, this quantity would imply the 
presence in the fresh tendons of 1 per cent of mucin. 

The composition of the product, dried at 110® C. imtil of 
constant weight, was as follows : * 

PlUEPAILATION NO. 1. 

I. 0.2670 gram of substance gave 0.4781 gram of COj = 48.84 per cent 

C, and 0.1585 gram of H^O = 6.60 per cent H. 
IL 0.2277 gram of substance gave 0.4082 gram of CO] = 48.89 per cent 

C, and 0.1329 gram of H^O = 6.48 per cent H. 
IIL 0.1975 gram of substance gave 0.3548 gram of COj = 48.99 per cent C. 
IV. 0.2363 gram of substance gave 0.1417 gram of H^O = QM per cent H. 
V. 0.2426 gram of substance gave, hy the Kjeldahl method, 0.02865 gram 

of nitrogen = 11.81 per cent N. 
VI. 0.2754 gram of substance gave, by the Kjeldahl method, 0.03246 gram 
of nitrogen = 11.79 per cent N. 
VIL 0.2784 gram of substance gave, bj the absolute method, 27.63 c. c. of 

nitrogen at 13.3® C, and 764.7 mm. pressure = 11.96 per cent N. 
VUL 0.3345 gram of substance gave, by the absolute method, 33.3 c. c. of 
nitrogen at 13.2® C, and 754.5 mm. pressure = 11.84 per cent N. 
EX. 0.5373 gram of substence gave, by fusion with NaOH + KNO„ 0.0943 
gram of BaS04 = 2.41 per cent S ; after deducting sulphur of ash 
= 2.36 per cent S. 
X. 0.4969 gram of substance gave, by fusion with NaOH + KNO,, 0.0856 
gram of BaS04 = 2.37 percent S; after deducting sulphur of ash 
= 2.32 per cent S. 
XI. 0.2943 gram of substance gave 0.0023 gram of ash = 0.78 per cent ash. 
XIL Ash from 0.2943 gram of substance gave 0.00112 gram of BaS04 = ^-^ 
per cent S. 

Percentage Composition of the Ash-free Substance. 

▲venge. 

C 49.22 40.27 49.87 49.29 

H 6.65 6.54 ... 6.71 6.63 

N 11.90 11.88 12.05 11.93 11.94 

8 2.36 2.82 2.34 

O 29.80 

100.00 

* The nitrogen was determined by both the absolute and the Kjeldahl 
method, while carbon and hydrogen were determined by combustion in 
oxygen gas in an open tube, the products of combustion passing over a layer 
of cupric oxide, chromate of lead, and metallic copper. 
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VL 0.2496 gram of substance gave, bj the Kjeldahl method, 0.02826 gram 

of nitrogen = 11.82 per cent N. 
Vn. 0.2574 gram of substance gave, bj the Kjeldahl method, 0.020S0 gram 

of nitrogen = 11.38 per cent N. 
Vm. 0.6046 gram of substance gave, bj fusion with NaOH + KNO,, 0.1046 
gram of BaS04 = 2.38 per cent S; after deducting sulphur of a8h = 
2.31 per cent S. 
IX. 0.5408 gram of substance gave, by fusion with NaOH+KNO„ 0.0931 
gram of BaS04 = 2.37 per cent S ; after deducting sulphur of ash = 
2.30 per cent S. 
X. 0.3128 gram of substance gave 0.0031 gram of ash = 0.99 per cent ash. 
XI. Ash from 0.3128 gram of substance gave 0.00152 gram of BaS04 =0.07 
per cent S. 



Percentage Composition of ths Ash-fbsb Substance. 

C 48.17 48.26 48.34 48.26 

H 6.46 6.69 ... 6.44 6.49 

N 11.69 11.48 11.60 11.61 

S 2.31 2.80 2.81 

O 8143 

100.00 



A comparison of the composition of these three preparations 
of mucin with each other, and with the mucin analyzed by 
Loebisch and by Hammarsten, brings out certain points of 
interest which merit attention : 







Mucin from Tendoni. 


















Bnail Mucin. 
Hammanten. 


BnbmaTlllary 
Mucin. 


Prepantioii 


Preparation 
2. 


Preparation 


Loebiach*a 




1. 


3. 


arerage. 






c 


40 29 


48.74 


48.26 


48.30 


60.32 


48.84 


H 


6.63 


6.46 


6.49 


6.44 


6.84 


680 


N 


11.94 


11.80 


11.51 


11.76 


13.65 


12.32 


S 


2.34 


2.86 


2.31 


0.81 


1.76 


0.84 





20.80 


30.66 


31.43 


82.70 


27.44 


31.20 



Loebisch analyzed three distinct preparations of mucin from 
ox tendons, in which the carbon, hydrogen, and sulphur 
showed practically no variation. The nitrogen, however, 
varied from 11.59 to 11.84 per cent. The average content 
of nitrogen in his three preparations was 11.75 per cent, 
identical with the average of our three preparations. It is to 
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tone were both present in abundance. The caramel-like body 
precipitated by alcohol was naturally more abundant tlian in 
the first case, but on analysis it was found to contain a large 
percentage of nitrogen, so that its fancied resemblance to 
caramel is purely superficial. By evaporation of the alcoholic 
extract containing the greater portion of the reducing body a 
residue was obtained as before, from which a crystalline 
osazone was formed agreeing in all of its properties \\ith the 
body previously described. The purified osazone melted at 
158** to 160° C. It is thus evident that the mucin or mucins 
present in ox tendons yield on cleavage with dilute hydro- 
cliloric acid a carbohydrate body which forms a well-defined 
and crystalline osazone, although at present we cannot state 
definitely the exact nature of this carbohydrate substance. 
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IIL 0.2789 gram substaDce gave 0.5118 gram CO^ = 60.04 per cent C, and 

0.1660 gram HjO = 6.67 per cent H. 
IV. 0.2006 gram substance gave 0.03666 gram N = 17.77 per cent N. 
V. 0.1934 " " " 0.03436 " N = 17.76 « N. 

VL 0.9468 " " " 0.0214 " BaS04 = 0.809 per cent S. 

Vn. 0.8236 " " " 0.0202 " BaSO* = 0.386 " a 

VIIL 0.6468 " " " 0.0021 " ash = 0.824 per cent ash. 

Composition of thb Abh-fbeb Substance. 
I. 11. m. IV. y. YL vn. Af«nf». 

Carbon, 60.12 60.a3 60.21 60.12 

Hydrogen, 6.66 6.69 6.69 6.61 

Nitrogen, 17.82 17.86 17.84 

Sulphur, 0.810 0.386 0.822 

Oxygen, 26.10 

PREPARATION B. 

This preparation was made from calves' tendons, Achilles 
tendons, the method pursued being exactly similar to that 
made use of in preparation A. 

The composition of the gelatin, dried at 110° C. until of 
constant weight, was as follows : 

L 0.2773 gram substance gave 0.6088 gram CO2 = 60.03 per cent C, and 

0.1697 gram H,0 = 6.39 per cent H. 
II. 0.2711 gram substance gave 0.4967 gram CO, = 49.86 per cent C, and 

0.1614 gram HjO = 6.61 per cent H. 
ni. 0.6762 gram substance gave 1.2323 gram COg = 49.69 per cent C, and 

0.3934 gram H2O = 6.46 per cent H. 
IV. 0.4643 gram substance gave 0.8476 gram COj = 49.73 per cent C, and 

0.2734 gram HjO = 6.64 per cent II. 
V. 0.2469 gram substance gave 0.04409 gram N = 17.86 per cent N. 
VI. 0.2106 " " " 0.a37r>4 " N = 17.79 " N. 

vn. 0.6946 " " " 0.0115 " BaR04 = 0.226 per cent S. 

VIII. 0.7304 " " " 0.0127 " BaSO^ = 0.238 " S. 

IX. 1.0424 " " " 0.0180 " BaSO^ = 0.236 " & 

X. 0.3090 " " " O.OOIO " ash = 0.323 per cent ash. 

XL 0.4839 " " " 0.0020 " ash = 0.413 " ash. 

Composition of thb Ash-free Substance. 
(Average ash = 0.368 per cent.) 

I. n. m. TV. V. VI. vn. Vm. IX. Avenge. 

Carbon, 60.21 60.04 49.87 49.91 60.01 

Hydrogen, 641 6.68 6.48 6.66 6.62 

Nitrogen 17.91 17.86 17.88 

Sulphur, 0.226 0.288 0.236 0.238 

Oxygen, 26.36 
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warming the fluid, reappearing as the solution cools. Sodium 
chloride appears to assist in the precipitation if added in 
considerable quantity (in 20 per cent solution), simply by 
making a medium in which the precipitate is less soluble, but 
it does not play any essential part in the reaction. Acetic 
acid will not take the place of hydrochloric acid in this 
reaction, neither will sodium chloride induce precipitation of 
gelatin by mercuric chloride in the absence of acid. 

Gelatin is precipitated from aqueous solutions by saturation 
of the fluid with ammonium sulphate, with sodium sulphate, 
and with magnesium sulphate. 

Saturation with sodium chloride causes only a slight pre- 
cipitate, but if acetic acid is added to the salt-saturated fluid 
a heavy flocculent precipitate results. Hydrochloric acid will 
take the place of acetic acid in this reaction, but the preci- 
pitate is more soluble in excess of the acid. 

Saturation with ammonium chloride fails to produce any 
precipitate until the fluid is acidified with acetic acid, when 
the gelatin, in part at least, is thrown down. 
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drying a weighed quantity of fluid in a tared crucible at 
100-106^ C. Protocols follow: — 

A. Control Experiments with Water : — 

I. 31 y, 1897. Dog, with gastric fistula, well healed. Weight 21 kilos. 
Fluid removed completely through fistula. 

Introduced 200 c. c. distilled water at 10.60 ▲. u. 
Contents removed at 1.55 p. ic = 3|f| hrs. 

Volume of fiuid recovered from stomach = 160 c.c. = 80 per cent of 
original volume. 

Analysis of the contents gave : 

Total acidity 0.203 per cent* 

FreeHCl 0.192 

Loosely combined HCl . . . 0.002 

Salts 0.009 

Total soUds 0.624 

IL 28 vi, 1897. Dog, with gastric fistula, well healed. Weight 25 kilos. 
Fluid removed completely through fistula. 

Introduced 135 c. c. distilled water at 11 ▲. ic. 
Contents removed at 1.45 p. m. = 2} hrs. 

Volume of fiuid recovered from stomach = 110 c. c. = 81 per oent of 
original volume. 

Analysis of the contents gave : 

Total acidity 0.274 per cent 

FreeHCl 0.241 

Loosely combined HCl . . . 0.018 

Salts 0.015 

Total solids 0.77 

III. 24 V, 1897. Dog. Weight 7.7 kilos. 

Introduced 125 c. c. distilled water at 10 a. m. 
Contents removed at 1.50 p m. = 3J hours. 
Volume of fluid recovered from stomach = 114 c. c. = 91 per oent of 
original volume. 

Analysis of the contents gave : 

ToUl acidity 0.094 per cent 

FreeHCl 0.065 

Loosely combined HCl . . 0.004 

Salto 0.025 

Total solids 0.47 

* Expressed as HCl in all the experiments. 
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IV. 29 T, 1807. Dog. Weight 146 kUos. 

Introduced 200 c. c. distilled voater at 0.30 ▲. ic. 
Contents removed at 1.16 p. m. = 3f hrs. 
Volume of fluid recovered from stomach = 206 c. c. = 103 per cent 
of original volume.* 

Analysis of the contents gave : 

Total acidity 0.047 per cent 

FreeHCl 0.040 

Loosely combined HCl . . 0.004 

SalU 0.003 

Total solids 0.60 

V. 2 vi, 1807. Dog. Weight 10.5 kilos. 

Introduced 126 c. c. carbonated water at ▲. ic. 
Contents removed at 12.45 p. m. = 3} hrs. 
Volume of fluid recovered from stomach = 125 c. c. = 100 per oent 
of original volume. 

Analysis of the contents gave : 

Total acidity 0.191 per cent 

FreeHCl 0.162 

Loosely combined HCl . . 0.014 

SalU 0.026 

ToUl solids 0.56 

In this experiment the CO^ was completely absorbed. 

VI. Ivii, 1897. Dog. Weight 10 kilos. 

Introduced 76 c. c. of 2 per cent dextrose solution at 9.10 ▲. m. 
Contents removed at 12.40 p. m. r= 3} hrs. 

Volume of fluid recovered from stomach = 68 c. c. = 90 per cent of 
original volume. 

Analysis of the contents gave : 

ToUl acidity 0.072 per cent 

FreeHCl 0.047 

Loosely combined HCl . . 0.007 

Salts 0.018 

B. Bxperlments with strong Bthyl Alcohol : — 

VIL 17 V, 1897. Dog. Weight 23 kilos. 

Introduced 200 c. c. of 37 per cent alcohol at 10.46 a. m. 
Contents removed at 2.15 p. m. = 3^ hrs. 
Volume of fluid recovered from stomach = 407 c. c. = 203 per cent 
of original volume. 

• A small quantity of saliva doubtless found its way into the stomach, as 
the dog salivated somewhat at the beginning of the operation and the stomach 
oontenta had a frothy appearance. 
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Analysis of the contents gave : 

Total acidity 0.164 per cent. 

FreeHCl 0.112 

Loosely combined HCl . . 0.043 

Salts 0.009 

Vm. 81 V, 1897. Dog. Weight 21 kilos. Gastric fistula well healed. 

Contrast experiment with water and alcohol. 

CL The first part of this experiment has been described under L p. 88. 
/9. After discharge of previous stomach contents completely through 
fistula, 200 c. c. 37} per cent alcohol were introduced into the 
stomach through fistula at 1.55 p. m. 
Contents removed at 5 p. m. = 3^^ hrs. 
Volume of fluid recovered from stomach = 460 c. c. = 230 per Oent 
of original volume.* 

Analysis of the contents gave : 

Total acidity 0.220 per cent 

FreeHCl 0.164 

Loosely combined HCl . . 0.011 

Salts 0045 

Total solids 0.987 

C. Experiments with weak (5 per cent) Ethyl Alcohol : — 

IX. 24 vi, 1897. Bitch. Weight 8 kilos. 

Introduced 100 c. c. 5 per cent alcohol at 10.45 ▲. m. 
Contents removed at 2 p. m. = 3J hrs. 
Volume of fluid recovered from stomach = 110 c. c. = HO per oentof 
original volume. 

Analysis of the stomach contents gave : 

Total acidity 0.119 per cent. 

FreeHCl 0.066 

Loosely combined HCl . . 0.011 

Salts 0.022 

Total solids 0.69 

X. 8vi, 1897. Bitch. Weight 7.3 kilos. 

Introduced 110 c. c. 4.8 per cent alcohol at 9 a. m. 
Contents removed at 12.45 p. m. = 3J hrs. 
Volume of fluid recovered from stomach = 135 c. c. = 123 per cent of 
original volume. 

Analysis of the stomach contents gave : 

Total acidity 0.202 per cent. 

FreeHCl 0.148 

Loosely combined HCl . . 0.021 
Salts 0.033 

* A post-mortem examination showed that the stomach contents could Ik* 
completely discharged through the flstula by the method adopted. 
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Analysis of stomach contents gave : 

Total acidity 0.382 per cent 

FreeHCl 0.346 

Loosely combined HOI . . 0.011 

Salts 0.025 

Total solids 0.42 

XV. 3vi, 1897. Bitch. Weight, 8 kilos. 

Introduced 125 c.c. Hoohheimer (13.3 per cent alcohol) at 

10 A. M. 

Contents removed at 1.45 p. m. = 3} hrs. 

Volume of fluid recovered from stomach = 140 c.c. = t*^ i>er cent 
original volume. 

Analysis of stomach contents gave : 

Total acidity 0.230 per cent. 

FreeHCl 0.1d5 

Loosely combined HCl . . 0.038 
Salts 0.027 

XVI. 28 vi, 1807. Dog. Weight, 25 kilos. Gastric fistula well healed. 

Contrast experiment with water and wine, 
a. The first part of this experiment has been described under 11, p. 88. 
/9. After complete discharge of previous stomach contents through the 
fistula, 135 c.c. "^hite "wiae were introduced into stomach through 
fistula at 1.45 p. m. 

Contents removed at 4.30 p. ic. = 2} hrs. 

Volume of fiuid recovered from stomach = 170 cc. = 126 per cent 
original volume. 

Analysis of stomach contents gave : 

Total acidity ...... 0.425 per cent 

FreeHCl 0.842 

Loosely combined HCl . . 0.018 

Salts 0.065 

Total solids 1.79 

XVII. 23 vi. 1897. Dog. Weight, 12.3 kilos. 

Introduced 125 c.c. claret (5.15 per cent alcohol) at 9.80 a. m. 
Contents removed at 1.30 p. m. = 4 hrs. 

Volume of fluid recovered from stomach = 225 c.c. = 180 per cent 
original volume. 

Analysis of stomach contents gave : 

Total acidity 0.878 per cent 

FreeHCl 0.824 

Ijooscly combined HCl . . 0.025 

Salts 0.024 

Total solids 1.90 
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18 Ti, 1897. Bitch. Weight, 10.2 kUos. 

Introdaced 100 c.c. lager beer (4 to 6 per cent alcohol) at 

10.20 ▲. M. 
Contents removed at 2.15 p. ic. = 8^ hrs. 

Yolnme of flnid recovered from stomach = 110 cc. = HO per cent 
original volume. 

Analysis of stomach contents gave : 

Total acidity 0.367 per cent 

FreeHCl 0.241 

Loosely combined HCl • . 0.004 

Salto 0.062 

Total soUds 0.26 

imC- 23 vi, 1897. Dog. Weight, 10 Idlos. 

Introdaced 100 c.c. lager beer (4.6 per cent alcohol) at 10.10 a. m. 
Contents removed at 2 p. ic. = 3} hrs. 

Volume of fluid recovered from stomach s 126 cc. = 125 per cent 
original volume. 

Analysis of stomach contents gave : 

Total acidity 0.241 per cent 

FreeHCl 0.169 

Loosely combined Ha . . 0X)32 

Salto 0.040 

Total solids 6.61 



. 14 vi, 1897. Dog. Weight, 14 kilos. 

Introduced 160 cc. porter (8.76 per cent alcohol) at 9.46 ▲. ic. 
Contento removed at 1.30 p. m. = 3} hrs. 

Volume of fluid recovered from stomach = 196 cc. = 127 per cent 
original volume. 

Analysis of stomach contento gave : 

Total acidity 0.371 per cent 

FreeHCl 0.320 

Loosely combined HCl . . 0.036 

Salto 0.016 

Total solids 2.19 



XXI. 7vi,1897. Bitch. Weight, 8.6 kilos. 

Introduced 126 cc lager beer (4.7 per cent alcohol) at 10.16 a. m. 
Contento removed at 2.10 p. m. = 8^} hrs. 

Volume of fluid recovered from stomach = 286 cc = 228 per cent 
original volume. 

7 
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Analysis of stomach contents gave : 

Total acidity 0.878 per cent 

FreeHCl 0.308 

Loosely combined HCl . . 0.016 

Salts 0.064 

Total soUds 2.88 

XXn. 14 vi, 1897. Dog. Weight, 8.2 kilos. 

Introduced 160 c.c. porter reaidae * at 11.80 ▲. m. 
Contents removed at 3.16 f. m. = 3} hrs. 

Volume of fluid recovered from stomach = 186 c.c. = 90 per cent 
original volume. 

Analysis of stomach contents gave : 

Total acidity 0.362 per cent 

FreeHCl 0.280 

Loosely combined HCl . . 0.014 

SalU 0.068 

Total soUds 2.29 

XXIII. 9vi, 1897. Dog. Weight, 10 kilos. 

Introduced 130 c.c. lager beer residae t at 10.30 ▲. sc 
Contents removed at 2.30 p. m. = 4 hrs. 

Volume of fluid recovered from stomach = 176 c.c. = 134 per cent 
original volume. 

Analysis of stomach contents gave : 

Total acidity 0.346 per cent 

FreeHCl 0.270 

Loosely combined HCl . . 0.038 

Salts 0.088 

Total solids 6.80 

For the sake of comparison these data are contrasted in the 
following table (see p. 99). 

These results afford tangible evidence of the stimulating 
action of the liquors examined, as shown in the increased 
volume of gastric contents, accompanied by increase in acidity. 
That alcohol is an important factor in the production of these 
phenomena seems certain. Contrast, for example, Experiment 
XX with XXII, which differs only in the absence of the 

* The residue left on evaporation of 150 c.c. porter, dissolved in 160 cc. 
distilled water. 

t Residue from evaporation of 130 c.c. beer, dissolved in 130 c.c. water. 
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beer, wine, and brandy retard gastric digestion noticeably. 
Schelhaas observed * that in the living stomach wine did not 
retard digestion so long as there was free HCl present ; patho- 
logical conditions (carcinoma ventriculi) formed the only ex- 
ceptions. In an extensive series of experiments, Glnzinski f 
distinguishes two phases occurring during digestion in the 
stomach in the presence of alcohol, (1) a retardation of pro- 
teid digestion, and (2) secretion of a very active, strongly acid 
' gastric juice. Henczinski j: found no bad effect on digestion 
following the use of beer. Blumenau § states that 25-50 per 
cent alcohol introduced into the healthy stomach induces a de- 
crease in digestive action during the first two or three hours. 
Wolffhardt,|| experimenting on a healthy man, concluded that 
15-20 grams of absolute alcohol interfere with proteid diges- 
tion, while the effect of cognac varies with tlie period of diges- 
tion during which it is taken ; he found that wines tend to 
promote dige^on. 

With reference to the motor functions of the stomach Lauder 
Brunton states that alcohol taken into this organ increases its 
movements as well as its secretory activity, and by mixing its 
contents more thoroughly with the gastric juice accelerates 
digestion.^ Likewise Klemperer ** states as a result of his 
experiments that the motor functions are decidedly increased, 
as measured by the oil method, while Haan ft h^ more recently 
advanced similar conclusions as the result of work by another 

• Schelhaas : Doutsches Arch, f . klin. Med., xxxvi, p. 427 ; Jahresbericht 
f. Thierchemic, 1885. xv, p. 271. 

t Gluzinski : Deutsches Arch. f. klin. Med., 1886, xzxlx, p. 405; Jahresbericht 
f. ThitTchemie, 188(5, xvi, p 203. 

t Henczinski : Disscrtntiun, 1880. Quoted bj Munk : Die Ern&hning, 
p. 327. 

§ Blumenau: Therapeutische Monatshefte, 1890, y, p. 504; Jahresbericht 
f. Thierchomie, 1891, xxi, p. 212. 

II Wolflfhanlt: Miinchn. med. Wochenschr., 1890,xxxvii, p.608; Centralbl. 
f. mod. Wissen., 1891, p. 47. 

t Brunton : Disorders of Dij^estion, 1886, p. 146. 

♦• Klemperer : Zeitschr. f . klin. Med., 1890, xvii, Supp., p. 324 ; Centralbl. 1 
med. WMssen., 1801. p. 751. 

ft Haan : Comptes rend us de la soci^t^ de biologic, 1895, ii, p. 816. 
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Dog a. — Weight 26 kilos. 

I. 9i25 ▲. M. 50 gnmi meat (no water). 





Total addity. 


Looaely combined HGL 


FreeHCL 


9.66 


0.882 


0.292 


0.104 


10.85 


0.425 


0.284 


0.148 


11.10 


0.425 


0.220 


0.180 


11.45 


0.407 


0.224 


0.176 



12.15 Stomach empty ; end of gastric digestion. 
Time of digestion = 2 hours and 55 minutea. 

H. 9.10 ▲. M. 50 grams meat + 50 0.0. water. 





Total acidity. 


Looaely oombined HCl. 


FreeHCL 


9.80 


0.241 


0.144 


0.098 


10.00 


0.295 


0.169 


0.108 


10.20 


0.867 


0.216 


0.115 


10.40 


0.489 


0.288 


0.144 



11.80 Stomach empty ; end of gastric digestion. 
Time of digestion = 2 honn and 20 minntea. 

ULL 9.80 ▲. M. CO grams meat + 100 0.0. water. 





Total addity. 


— ^Analysis of oontenta. — 
Looaely combined HCL 


FreeHCL 


10.00 


0.299 


0.173 


0.090 


10.80 


0.475 


0.230 


0.122 


11.00 


0.518 


0.230 


0.173 


11.15 


0.497 


0.202 


0.241 


11.35 


0.494 


0.191 


0.202 


11.50 


0.479 


0.205 


0.195 


12.10 


0.382 


0.194 


0187 



12.80 Stomach empty ; end of gastric digestion. 
Time of digestion = 8 hours. 

IV. 2.10 p. M. 50 grams meat + 150 0.0. water. 





Total acidity. 


Looaely combined HCL 


FreeHCL 


2.40 


0.252 


0.137 


0.108 


8.10 


0874 


0.194 


0.130 


8.40 


0533 


0.245 


0.198 


8.55 


0.547 


0.234 


0.234 


4.10 


0.490 


0.205 


0.216 


4.25 


0.385 


 •  


0.101 



4.40 Stomach empty ; end of gastric digestion. 
Time of digestion = 2 hours and 80 minntei. 
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V. 9.05 ▲. M . 50 grams meat + 160 o.o. earbonatod water. 





Total acidity. 


— Analyna of oontonta— ^ 
LooMly combined HCL 


FraeHGL 


9.85 


0.263 


0.083 


0.122 


10.05 


0.860 


0.158 


0.140 


10.85 


0.468 


0.194 


0.216 


10.50 


0.486 


a205 


0.216 


11.05 


0.540 


0.234 


0.196 


11.25 


0.580 


0.234 


0.248 



11.45 Stomach empty ; end of gastric digestion. 
Time of digestion = 2 houn and 40 minutes. 

VI. 1*00 p. M. 50 grams meat + 100 c.c. 10 per cent aledhoL 





Total acidity. 


LooMjy combined HGL 


Free HGL 


2.45 


0.497 




0.209 


0.230 


3.10 


0.464 




0.220 


0.173 


3.30 


0.486 




0.180 


0.202 . 


3.50 


0.400 




0.162 


0.202 


4.10 


0.263 




... 


0.094 



4.80 Stomach empty ; end of gastric digestion. 
Time of digestion = 8 hours and 80 minntee. 

Vn. 2.30 p. M. 50 grams meat + 50 c.c. 90 per cent alodhoL 

-Analysis of content^t - \ 

Looaely combined HGL Free HGL 

0.118 0.090 

0.187 0.176 

0.194 0.151 

0.205 0.184 

0.144 0.248 

0.155 

5.30 Stomach nearly empty ; end of gastric digestion. 

Time of digestion = 8 honrs. 



VIII. 12.45 p. M. 50 grams meat + 50 co. 90 per cent aloohoL 





Total addity. I 


3.00 


0.318 


8.30 


0.874 


4.00 


0.439 


4.30 


0.515 


5.00 


0.407 


5.30 


0.264 





Total acidity. 


Looaely combined HGL 


Free HGL 


2.80 


0.439 


0.213 


0.158 


2.50 


0.457 


0.191 


0.205 


3.10 


0.498 


0.205 


0.227 


3.30 


0.864 


0.129 


0.187 



3.50 Stomach practically empty ; end of gastric digestion. 
Time of digestion = 8 hovrt and 5 minutes. 
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XHI. 1.00 p. M. 60 granu meat + 00 e.0. gin + 80 e.e. water. 





Totid acidity. 


— AnAlysLi of contante— - 
LooM^ combined HCL 


Free HCL 


2.00 


0.439 


0.178 


0.194 


2.d0 


0.460 


0.170 


0.197 


2.46 


0.428 


0.168 


0.238 


8.00 


0.442 


0.164 


0.212 


3.16 


0.410 


0.140 


0.216 


3.30 


0.420 


0.148 


0.234 


a46 


0.838 


0.122 


0.180 



4.00 Stomach empty ; end of gastric digestion. 
Time of digestion = 3 honn. 

XrV. 0^ A. M. 60 grams meat + 00 o.e. brandy + 80 e.e. water. 





Tdtal acidity. 


— Analyiis of contents— 
Looeely combined HCL 


Free HCL 


9.60 


0.287 


0.169 


0.066 


10.20 


0.368 


0.201 


0.133 


10.60 


0.466 


0.230 


0.206 


11.20 


0.683 


0.267 


0.194 


11.40 


0.468 


• • . 


0.168 



12.00 Stomach empty ; end of gastric digestion. 
Time of digestion = 8 honn and 40 minntei. 

XV. 2.60 p. M. 60 grams meat + 100 o.e. lager beer. 





Total acidity. 


—Analysis ox contents. -« 
Looeely combined HCL 


Free HCL 


3.20 


0.269 


0.112 


0.116 


8.60 


0.410 


0.206 


0.148 


4.20 


0.518 


0.246 


0.184 


4.36 


0.672 


0.248 


0.230 


4.60 


0.660 


0.262 


0.208 


6.06 


0.647 


0.220 


Oi238 


6.20 


0.608 


0.162 


0.211 


6.36 


0.476 


0.162 


0.238 


6.60 


0.413 


0.116 


0.241 



6.06 Stomach empty ; end of gastric digestion. 
Time of digestion = 3 hours and 10 minutes. 

XVI. 0-40 A. M. 60 grams meat + 100 c.o. stout. 





Total acidity. 


-—Analysis of contents^— 
Loosely combined HCL 


Free HCL 


10.10 


0.364 


0.140 


0.187 


10.40 


0.446 


0.166 


0.180 


11.10 


0.666 


0.220 


0.296 


11.40 


0.616 


0.212 


0.302 


12.10 


0.680 


0.266 


0.247 



12.40 Stomach empty ; end of gastric digestion. 
Time of digestion = 3 houn. 
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XVUo. 9.16 a.m. 


60 grams meat + 150 e.0. iMer. 








IMaladdity. 


Loosely oombiiied HCL 


Free HCL 


9.45 




0.248 


0.151 


0.082 


10.16 




0.867 


0.201 


0.123 


10.46 




a467 


0.238 


0.137 


11.20 




0.626 


0.266 


0.209 


11.40 




0.511 


0.218 


0.223 


12.15 




0.466 


0.216 


0.176 


12.30 


Stomach empty ; end of gastric digestion. 






lime of digestion = 


: 3 hovrt and 15 minntei. 





XVn $. 3.00 pjc. 50 grams meat + 150 o.e. water. 





Tbteladdity. 


Looeely oombiiied HCl. 


Free HCL 


8.30 


0.227 


0.180 


0.090 


4.00 


0.400 


0.209 


0.129 


4.80 


0.522 


0.274 


0.158 


5.00 


0.588 


0.310 


0.195 


5.15 


0.583 


0.802 


0.205 


5.30 


0.446 


200 


0.184 


5.45 


0.669 


0.298 


0.127 



6.00 Stomach emptj ; end of gastric digestion. 
Time of digestion = 8 hours. 

XVm a. 8.80 A.]f. 50 grams meat + 50 o.a water. 





ToUl ecldlty. 


Looaely combined HCl. 


Free HCL 


9.00 


0.371 


0.227 


0.120 


9.30 


0.448 


0.274 


0.144 


10.00 


0.518 


0.252 


0.234 


10.30 


0.569 


0.268 


0.252 



11.00 Stomach empty ; end of gastric digestion. 
Time of digestion = 2 hours and 80 minntei. 

XVm /3. 2.10 P.M. 50 grams meat + 100 e.o. 80 per cent aleohoL 





TMid acidity. 


Looaely combined HCL 


Free HCL 


2.40 


0.234 


0.112 


0.101 


8.10 


a852 


0.165 


0.187 


a40 


0.490 


0.209 


0.162 


4.10 


0.550 


0.268 


0.191 


4.40 


0.550 


0.245 


0.201 



5.10 Stomach emptj ; end of gastric digestion. 
Time of digestion = 8 hours. 
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XIX a. 9.00 ▲ jf . 60 grams meat + 100 e.e. watw. 



-Analyria of CoDtant*- 



Total acidity. LooMly combtoed HOL Fret HCL 

9.30 0.324 0.165 0.187 

10.00 0.378 0.198 0.144 

10.30 0.494 0.269 0.109 

11.00 0.487 0.220 0.188 

11.16 0.467 0.206 0.131 

11.30 Stomach empty; end of gastric digestion. 

Time of digestion = 2 honn and 80 minntaa. 
•^TTT /3. 2.30 P.M. 60 grams meat + 150 e.e. lagar bear. 

3.00 
3.30 
4.00 
4.30 
4.46 
6.10 
6.30 Stomach empty ; end of gastric digestion. 

Time of digestion = S honn. 
XX «. 9.16 A.M. 60 grams meat + 76 o.e. sharrj + 86 e.e. water. 



■laddily. 


Loonlj oomUnad HCl. 


Free HCL 


0.200 


0.119 


0.187 


0.878 


0.201 


0.187 


0.465 


0.191 


0.188 


0.633 


0.223 


0.248 


0.662 


0.238 


0.306 


0.466 


0.223 


0.176 





IMidMidity. 


Looiely oombinad HOL 


Free HCL 


9.46 


0.296 


0.108 


0.166 


10.16 


0.331 


0.101 


0.178 


10.45 


0.367 


0.188 


0.187 


11.15 


0.418 


0.168 


0.212 


11.80 


0.486 


0.169 


0^16 


11.46 


0.490 


0.191 


0.248 



12.00 Stomach empty; end of gastric digestion. 
Time of digestion = 2 honn and 45 minntaa. 

XX 3. 2.80 P.M. 60 grams meat + 160 e^ earbonatad water. 





TMalftddity. 


Looeely oomMned HCL 


Free HCL 


aoo 


0.238 


0.043 


0.126 


8.30 


0.360 


0.130 


0.176 


4.00 


0.432 


0.187 


0.169 


4.30 


0.533 


• . . . 


0.109 



4.46 Stomach empty ; end of gastric digestion. 
Time of digestion = 2 hoars and 15 miantM. 
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Dog B. — Weight 21 kilos. 

I. L46 pjc. 50 gnmi meat (no water). 





IMidaoidltiy. 


LooM^ oomUned HCL 


FtmHOL 


2.16 


0.363 


0.191 


0.118 


2.40 


0.448 


0.222 


0.180 


aoo 


0.611 


0.227 


0.198 


8.20 


0.626 


0.227 


0280 


a46 


0.672 


0.260 


0iM)9 


4.16 


0.668 


0.849 


0.196 



4.46 Stomach empty ; end of gastric digestion. 
Time of digestion = S hours. 



n. 9.16 ▲ jc. 60 grams meat + 50 e.e. water. 





TMidftdditj. 


LooMly combined HCL 


FraeHOL 


9.60 


0.802 




0.220 


0.082 


10.16 


0.482 




0.223 


0.144 


10.46 


0.472 




a201 


0.252 


11.16 


0472 




0.144 


0.288 


11.36 


0.484 




0.166 


0.270 


11.66 


0.463 




0.144 


0.306 


12.16 


0.407 




0.100 


0.241 


12.80 


0.400 




0.183 


0.284 


12.46 


0.806 




• • • • 


0.216 




End of gastric digestion. 








Time of digestion = 


: 8 hours and 80 minutes. 





in. 9.16 A.M. 60 grams meat + 50 o.c. 90 per cent aloohol + water. 





TMal acidity. 


LooMly oomUned HCL 


Free HCL 


9.60 


0136 


0.086 


0.036 


10.16 


0.286 


0.106 


0.144 


10.46 


0.479 


0.173 


0.244 


11.16 


0.472 


0.177 


0.252 


11.36 


0.618 


0237 


0.252 


11.66 


0.480 


• . • . 


0.209 


12.16 


0.421 


• • . • 


0.213 



12.80 Stomach empty ; end of gastric digestion. 

Time of digestion = 8 hours and 15 minutes. 

8 
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IV. 8.60 A.M. 60 grams meat -f- 100 e.e. 80 per oe&t aleohoL 





Total Midlty. 1 


0.20 


0.824 


0.60 


0.498 


10.20 


0.641 


10.60 


0.647 


11.20 


0.688 


11.60 


0.644 


12.20 


• • • 



- AnftlyiU of Contents — 
Looedy combined HOL 



0.388 



12.80 End of gastric digestion. 

Time of digestion = 8 honrs and 40 minntat. 



HCL 
0.144 
0.072 
0.100 
0.166 
0.206 
0.230 
present 



V. 2.46 P.M. 60 grams meat -f- 76 e.e. elaret. 



Total acidity. 
3.16 0.396 

8.46 0.460 

4.16 0.676 

4.46 End of gastric digestion. 

Time of digestion = 2 honn. 



-AnalyaiB of Gontenta- 



Looaely combined HGl. 
0.166 
0.288 



Free HCL 
0.216 
0.168 
0.209 



VI a. 9.16 A. M. 60 grams meat + 160 o.e. beer. 

AnalvaLs of Contents — 

Loosely combined HCL 

0.144 

0.187 

0.223 

0.846 

a288 



Tbtal acidity. Looaefy combined HCL Free HCL 

0.273 0.144 0.104 

0.367 0.187 0.166 

0.464 0.223 0.194 

0.616 0.846 0.266 

0.601 a288 0.170 

0.608 . . . 0.161 

0.638 . . . 0.187 

0.468 . . . 0.168 

1.00 End of gastric digestion. 

Time of digestion = 8 honn and 46 minntei. 



9.46 
10.16 
10.46 
11.16 
11.46 
12.16 
12.80 
12.46 



VI 3. 1.00 P.M. 60 grams meat + 160 e.e. water. 



2.00 
2.80 
3.00 
3.30 
4.00 
4.16 



Total acidity. 
0.620 
0.600 
0.066 
0.627 



— Aiulvaia of Contents.— 
Looaely combined HCl. 

0.282 

0.266 

0.802 



End of gastric digestion. 

Time of digestion = 8 honrs and 16 minntee. 



Free HCl. 
0.201 
0.2:^ 
0.224 
0.206 
trace. 



116 



A STUDY OF THE INFLUENCE 



TABLE OF TIME OF DIGESTION (IN HOURS). 



Doo A. 



No. 



I 



XVIL 
L 

n. 

VII. 

VI. 

VIIL 

IX. 

XVHL 

XIV. 



/9 



I 



/9 



XV. 



XIX 



XVI. 

IV. 

X. 

III. 

XIII. 
XX 



■1 



/9 



h. m. 

8 

2 66 
220 



• • . • 



280 



2 80 



2 80 



3 



I 

V. 

XL 

XIL 



3 



2 16 
240 



8 



h. n. 



3 

3 30 
3 06 
8 46 



^1 

5« 



h. n. 
8 16 



8 16 

3 
3 

• • • • 

3 16 



SS. 



li 



h. m. 



2 40 



8 
2 46 



2 
8 



Doo B. 



No. 



I 



I. 

IL 
lU. 
IV. 

V. 



VI 



•i 



/s 



h. m. 



8 
8 80 






\& 



A* in. 



h. B. 



. . • • 



3 16 



8 16 
8 40 



2 
846 



Arerage. 



2 40 



8 20 



3 10 



2 40 



8 16 



8 80 



2 62 
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elusion. Thus, in one experiment 60 c.c. of 20 per cent 
alcohol were introduced into the stomach, and on withdraw- 
ing the stomach-contents half an hour later no alcohol wliat- 
ever was found in the 40 c.c. of fluid obtained. In view of 
this rapid disappearance of alcohol from the alimentar}' tract 
it is plain that alcoholic fluids cannot have much, if any, 
direct influence upon the secretion of either pancreatic or 
intestinal juice. 
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THE ROTARY PROPERTIES OF 



No. of Solu- 
tion. 


Aali-free 
Globulin 
in 100 CO. 


Tempfli^ 
Atnre. 


No. of 

MeMure- 

menta. 


Length of 


MeanBotft. 
tionper 
100 mm. 


(«)d. 


Prob. 

able 

Krror. 


16 

13 

14 

16 (diluted) 

18 (diluted) 

14 (diluted) 


gnn. 

1.61 
1.19 
1.08 
0.94 
0.60 
0.47 


deg. 0. 

23.7 
26.6 
24.0 
22.6 
23.0 
23.6 


8 
10 
7 
8 
6 
10 


mm. 

100 
100 and 200 

100 
200 and 300 
200 and 300 
200 and 800 


deg. 

-0.672 
0.472 
0.426 
0.364 
0.226 
0.172 


deg. 

-88.0 
89.7 
89.4 
88.8 
37.8 
36.7 


deg. 

±0.6 
0.6 
0.9 
1.2 
1.8 



The weighted mean of the last column but one gives 

(a)|> = -38.7^ 
with a probable error of less than half a degree. 



SodiumrcMoride-potassium-'hydroxide Solution. 

A remnant of Solution 15 (diluted), containing 90 cubic 
centimeters, was made up in a graduated flask to 100 cubic 
centimeters with an 8 per cent potassium-hydroxide solu- 
tion. The solution thus formed contained, in 100 cubic 
centimeters, 0.85 gram of flax-seed globulin, 9 grams of sodium 
chloride, and 0.8 gram of potassium hydroxide. 

The color of the solution was changed by the potassium 
hydroxide from a bright yellow to an orange tint, which made 
it more difBcult to measure the rotation, even with a 100- 
millimeter tube. As a result of four measurements with a 
100-millimeter tube at the temperature of 23** C, the rotation 
of the plane of polarization was found to be —0.464° ± 0.018. 
This would give as the specific rotation of flax-seed globulin 
in such an alkaline solution, 

(a)D = -54.5° ± 1.5° 
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Solvent. 



0.18 per cent potassium hydroxide 
0.20 per cent sodium carbonate 



0.26 per cent hydrochloric acid . . 



Percent 
Proteid. 



1.6 I 
2.2 I 

1.8 



(«)i 



—64.6® within an hoar 
-63.6<' after heating 
—48.6° witliin an hour 
-60.0° after 6 hours 
—64.0° after heating 
—86.6° within 2 hours 
-81.0° after 20 hours 
—82.0° after heating 
-83.6° after 84 days 



It is worth noting that the specific rotations of the animal 
and vegetable globulins, so far as known, lie between —38® 
and —48°, or perhaps within still closer limits. Besides those 
studied by the writer, the specific rotation of serum globulin 
is —48°, that of fibrinogen lies between —45** and —50**, and 
we have good reason for believing that that of egg globulin is 
about -40°. 

In conclusion, the writer desires to acknowledge his indebted- 
ness to Prof. R. H. Chittenden and. Dr. L. B. Mendel, of the 
Sheffield Scientific School, for assistance and suggestions in 
the preparation of the proteids and their solutions ; the success 
of this investigation is due in a large measure to their able and 
hearty co-operation. And also to Prof. C. S. Hastings, of the 
same institution, in whose laboratory the polarimeter observa- 
tions were all made. 
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the results as pure protein. Indeed, as will be pointed out 
later, this so-called protein nitrogen, in the present instance, 
contains a large proportion of nitrogen in a form wholly 
unavailable for the nutrition of the body. 

Soluble carbohydrates were determined in an approximate 
manner by extracting the dry substance repeatedly with hot 
water and then boiling the extract for ten hours with hydro- 
chloric acid of 2 per cent resulting strength. The sugar was 
determined as dextrose in the neutralized fluid, by the AUihn 
puviMetrie method. 

Szperimental data. — Coprinua comattu (Shagd^ copiinus). The specimeiiB 
were freshly gathered and had not yet turned " inky." They varied very 
widely in size, thirty-six muBhrooms weighing 1485 grams, of which 080 grams 
belonged to the caps (pileus) and 605 grams to the stems. The average 
weight of a fresh specimen was thus : 

Pileus 27 grams 

Stem 14 « 

Total weight 41 " 

A specimen which had attained the average growth weighed : 

Pileus 43 grams 

Stem 25 " 

Total weight 68 " 

An analysis yielded the following results : 

Water 02.19 per cent 

Total solids 7.81 " " 

The dry substance contained : 

Total nitrogen 6.79 per cent 

Extractive nitrogen 8.87 " '* 

Protein nitrogen 1.92 " " 

Ether extract 3.3 ** " 

Crude fiber 7.3 '• " 

Ash 12.5 « " 

Material soluble in 85 per cent alcohol . . 66.3 " ** 

Coprinus atramentarius (Inky coprinus). Two separate, freshly gathered 
lots of this species were examined. The one (a) contained six young small 
specimens weighing 5.5 grams, or 0.0 gram each ; the other (6) contained 
eight mushrooms weighing 12 grams, or 1.6 grams each. An analjaii gave: 
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a. b. 

Water 92.31 per cent 94.42 per cent 

Total ioUds .... 7.69 " " 6.68 " " 

The dry substance contained : 



Total nitrogen . . 


4.68 per cent 


4.77 per cent 


Ether extract . . 


. 3.1 « " 


6.7 " " 


Crude fiber . . . 


. 9.3 " " 


« €4 

• • • 


Ash 


. 16.8 " " 


20.1 " " 



(f 

... 

« 

... 



Morchella esetdenta (Common morel). Two lots of this species were ob- 
tained from Stockbridge, Mass. (a) The specimens were of full size. Thir- 
teen morels weighed 196 grams, or an average of 16 grams each. (6) Small, 
jroung morels. An analysis gave : 

a. b. 

Water 89.64 per cent 91.24 per cent 

Total soUds 10.46 " " 8.76 *« " 

The dry substance contained : 

Total nitrogen 4.66 per cent 6.86 per cent 

EztractiTe nitrogen 1.17 " 

Protein nitrogen 8.49 " 

Ether extract 4.8 " " 7.6 " " 

Crude fiber 8.7 " " 9.6 " " 

Ash 10.4 " •* 18.6 " " 

Material soluble in 86 per cent alcohol . 29.8 ** ** ... 

In the same species Pizzi* has found 0.676 per cent nitrogen, a figure in 
close agreement with the above results when calculated upon the fresh mate- 
rial, viz. (a) 0.48 per cent N ; (6) 0.47 per cent N. 

Poifponu Mtdphureus (Sulphury polyporus). The specimens were obtained 
from Pennsylvania. An analysis gave: 

Water 70.80 per cent 

Total solids 29.20 " " 

The dry substance contained : 

Total nitrogen 3.29 per cent 

Extractive nitrogen 1.06 " '* 

Protein nitrogen 2.23 " " 

Ether extract 3.2 " " 

Crude fiber 8.0 ** " 

Ash 7.3 " " 

Material soluble in 86 per cent alcohol . . . 27.8 " " 

• Pizzi : Botanischer Jahresbericht, 1889, p. 816. 
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PUurotus ostreatua (Oyster mushroom). This mushroom is obtainable fi~ 
large quantities, and though somewhat tough in texture, is uniyersalM. 
classed with the edible species. Specimens gathered from a tree in N^ 
Haven contained: 

Water 78.70 per cent 

Total solids 26^ " •* 

The dry substance contained : 

Total nitrogen 2.40 per cent 

Extractive nitrogen 1.27 " " 

Protein nitrogen 1.13 ** " 

Ether extract 1.6 " " 

Crude fiber 7.6 ** «' 

Ash 6.1 " *« 

Material soluble in 85 per cent alcohol . . . 81.5 " ** 



Clitocf/be multiceps Feck. The material was collected near Boston, 
June, 1897. A portion of small, young specimens was analyzed separate' 
The results follow: 

Toung Spedmena. Fall-gTOwn Bpedmena. 

Water 89.61 per cent 98.49 per cent 

Total solids 10.89 " " 6.51 « " 

The dry substance of the full-grown specimens contained : 

Total nitrogen 5.36 per cent 

Extractive nitrogen a88 " ** 

Protein nitrogen 1.98 " ", 

Ether extract 6.0 " " 

Crude fiber 9.6 " " 

Ash 11.5 " " 

Material soluble in 85 per cent alcohol . . 57.2 " " 




A portion of the mushrooms was separated into stems and caps and ea^ 
analyzed separately, with the following results : 

Stem. POeiu. 

Water 94.07 per cent 92.68 per cent 

Total solids 5.93 " " 7.82 " " 

Total nitrogen in dry substance 3.92 " " 5.84 " " 

Ash in dry substance . . . 12.98 " " 10.82 ** " 



th 



The relatively higher content of nitrogen in the pileus corresponds wi 
the distribution of proteid as shown by histochemical examination. 
Agaricus campestris, Boletus edulis, and Boletus scaber, C. Th. Morn^^ '^ 
has found similar differences between the nitrogen content of caps 
stems.* 

• Momer, C. Th. : ZeiUchr. f iir physiol. Chemie, 1886, x, p. 6ia 
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^^pkohma eandoUeanum.* The specimens were obtained from East Milton, 
M%sa^ in June, 1897. A few small, young specimens were also obtained 
^m Brookline, Mass. Analyses follow: 

FoU-grown Bpedmena. Toanger Bpedmena. 

Water 88.97 per cent 91.97 per cent 

Total soUds 11.08 •* " 8.03 " " 

The dry substance contained : 

ToUl nitrogen 4.28 per cent 4.44 " " 

EztractiYe nitrogen 1.79 <* " ... 

Protein nitrogen 2.49 " •* ... 

Ether extract 2.50 " " ... 

Crude fiber 12.10 " " 

Ash 13.90 " " 19.9 " " 

Material soluble in 86 per cent alcohol 44.40 '* " 



• • 



Agarictu campestris (Common mushroom). Two Yarieties of the common 
mushroom were colfected in New Haven. Fifteen specimens of one variety 
weighed 42 grams, an average weight of 2.8 grams each. The analysis gave : 

a. b. 

Water 87.88 per cent 92.20 per cent 

ToUlsoUds 12.12 " " 7.80 " " 

ToUl nitrogen in dry substance . 4.42 " " 4.92 «* " 

Ash in dry substance 11.66 " " 17.18 " " 

Regarding the differences in nitrogen content of cap and stem, compare 
the remarks under Clitocybe multiceps. 

Marasmius oreades (Fairy-ring mushroom). Twenty freshly gathered 
s])ecimens (from New Haven) weighed 9 grams, an average weight of 0.45 
gram each. The analysis gave: 

Water 74.96 per cent 

Total solids 26.04 *' " 

Total nitrogen of dry substance 5.97 '* " 

Ash of dry substance 7.23 " " 

Cortinarius coUinitus (Smeared cortinarius). Young specimens gathered in 
New Haven early in November, 1897. The analysis gave : 

Water 91.13 per cent 

Total solids 8.87 " " 

Total nitrogen of dry substance 8.63 



it It 



Digestion Experiments. — In ORler to procure further data 
regarding the nutrient value of the mushrooms, artificial 

* The specimens corresponded with those described under this name by 
Stevenson in his work on British Hymenomycetcs. Mr. Ilollis Webster 
has informed the writer that Professor Farlow is inclined to regard them 
as H. apendiculatum. 
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Dog. 6^ kilos. 



SECOND EXPERIMENT. 

8.25 grams deuteroalbumase in 60 c.c. 0.7 per cent NaCl. 
Injection lasted 3 minutes. 
The normal blood coagulated in 10 minutes. 



Blood withdrawn 1 min. after injection of albumose coagulated in 1 hr. 27 min. 
u «< 4 *( *< « « 1 « 23 " 

8 
12 
18 



<• 
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•I 
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M 

M 



•4 
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47 
49 



«• 
« 



M 

« 



(C 
<( 
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« 
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THIRD EXPERIMENT. 

Bitch, 7.2 kilos. 8.5 grams deuteroalbumose in 50 c.c. 0.7 per cent NaCl. 

Injection lasted 1 minute. 
The normal blood coagulated in 9 minutes. 

Blood withdrawn : — 

2 min. after injection of albumose was uncoagulated at the end of 18 hrs. 

O (« « « it it it it 

4>e u tt it It tt tt it 

AA tt tt tt tt U tt u 



Dog, 7 kilos. 



FOURTH EXPERIMENT. 

8.5 g^ms deuteroalbumose in 50 c.c. 0.7 per cent NaCl. 
Injection lasted 1 min. 15 sec. 
The normal blood coagulated in 3.5 minutes. 



Blood withdrawn : — 

6 min. after injection of albumose was uncoagulated at the end of 36 hrs. 
12 
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coagulated within 5^ hrs. 



M 



3 



12 
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FIFTH EXPERIMENT. 

Dog, 11.6 kilos. 6.6 grams deuterocUbumoMe in 40 cc. 0.7 per cent NaCL 

Injection lasted 46 seconds. 
The normal blood coagulated in mlnates. 

Blood withdrawn 2 minutes after injection of albumose coagulated in 7) hn. 

<( «« A U (« « « ** <■ 

(• 4« Y « « « «4 a M 

w u 12 " " " " " 2hrB.a6iiiiii. 

M "17 " " " " "2 *' 31 " 

M "26 " '* " ** '< " 42 " 

QA « « M u ** " 20 " 

45 •« «4 t* u ** Q ** 2S " 

65 « " «* " " " 18 " 

05 <t « « « « " 6 ** 

75 « M « « ■* " 8 " 

05 « cf (I « *' Q « 2 ** 
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SIXTH EXPERIMENT. 

Bitch, 6 kilos. 3.7 c^ams peptone in 30 cc. 0.7 per cent NaCL 

Injection lasted 40 seconds. 
The nornud blood coagulated in 3 minutes. 

Blood withdrawn 5 minutes after injection of peptone coagulated in 6 houn. 
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SEVENTH EXPERIMENT. 

Bitch, 6.6 kilos. 2.75 grams peptone in 30 cc. 0.7 per cent NaCL 

Injection lasted 30 seconds. 
The normal blood coagulated in 1.6 minutes. 

Blood withdrawn 3 miu. after injection of peptone coagulated in 3-10 hours. 
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gradually but steadily, and in ten minutes from the time of 
injection was approximately normal again. 

A dog of 11.6 kilos, under chloroform-ether narcosis, was 
treated with 5.6 grams of the albumose by injection into the 
femoral vein, the injection lasting 45 seconds. Here, the 
pressure fell from about 150 mm. Hg to 100 mm. within one 
minute, gradually rising again to the normal in about seven 
minutes. In this experiment the fall of pressure was preceded 
by a slight rise, amounting to 5 mm. This initial effect of the 
injection of deuteroalbumose upon blood-pressure, i. e. a slight 
rise, is in harmony with the observations of Thompson* with 
Witte's ** peptone." 

Similar experiments with pure papain-peptone gave corre- 
sponding results, namely, an immediate and rapid fall of pres- 
sure, the latter rising to the normal again in nine to twelve 
xninutes. 

* Thompson, loc. cit., p. 461. 



i 



NOTES ON CETRARIA ISLANDICA (ICELAND 

MOSS).* 

By ERNEST W. BROWN. 

From early times lichens have been utilized as articles of diet 
for man and domestic animals.f First among them in im- 
portance as a food-stuff is " Iceland moss " (Cetraria islandica), 
which seems to have recommended itself because of its large 
content of carbohydrate matter, the so-called lichen-starch. 
In its natural form this lichen contains bitter constituents, 
and these must be removed by treatment with water or weak 
alkalies before the material can be made into bread, as has 
been the custom in some northern countries. Rabbits almost 
invariably refuse to eat the lichen unless it has been rendered 
more palatable as described. 

With reference to the real dietetic value of Cetraria islandica, 
the following analysis of the commercial material will afford 
some data { : 

Analysis of Cetraria Islandica (dried at 106oC.). 

Total nitrogen 0.60 per cent 

Extractive nitrogen 0.14 " 

" Protein " nitrogen 0.32 " 

Ether extract § 1.2 " 

Crude fiber 6.8 *• 

Ash 2.2 

Material soluble in 85 per cent alcohol . . 16.1 " 
Soluble carbohydrates (as dextrose) . . . 43.8 ** 
After successive treatment with gastric juice and amylolyticallj and pro- 
teolytically active pancreatic juice at S89 C. only 32 per cent of the material 
used was dissolved. The residue resisting digestion contained practically all 
the original nitrogen (0.55 per cent) of the lichen. 

• Reprinted from the American Journal of Physiology, vol. i. 

t Cf. Albert Schneider, A Text-book of General Lichenology, 1897. 

t Tlie methods of analysis employed were essentially the same as described 
by L. B. Mendel, Amer. Journ. Physiol., 1898, i, p. 226. 

§ This consisted uf free fatty acids (0.4 per cent) and saponiflable fat (0.62 
per cent). 



192 NOTES ON CETRARIA ISLANDICA. 

The unusual behavior of isolichenin towards amylolyti 
enzymes — the formation of dextrins without sugars — recall 
the formation (from glycogen) of dystropo-dextrin, an achrc 
odextrin resisting the further action of enzymes.* 

The peculiar carbohydrates of Cetraria islandica are doub 
less merely types of those occurring in numerous oth< 
varieties of this group of plants. 

* Seegen, Archly f. d. ges. Physiol., 1879, xiz, p. 100; Tcbb, M. C, Joan 
of Physiology, 1898, uii, p. 428. 
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Ezperiment 8. Pig^s bile. Neutral extract of pig^s pancreas. 

Per cent of BOA. UndigMted Baddua. Itbrin Digested. Belati^ PlotM|]rtfe Aelion. 






0.4218 gram 


57.82 per cent 


100.0 





0.4330 


66.70 


98.0 


1.0 


0.4690 


58.10 


91.8 


3.0 


0.4705 


52.05 


91.5 


5.0 


0.4668 


58.32 


92.2 


10.0 


0.4528 


54.72 


94.6 


15.0 


0.4172 


58.28 


100.8 


Experiment 8. 


Fig's bile. Neutral extract of ox pancreas. 




Per cent of Bile. 


Undigefted Beeidoe. 


Fibrin Digested. BeUtive Proteolytk Aetioi. 





0.8823 gram 


61.77 per cent 


100.0 


0.25 


0.4039 


59.61 


96.5 


0.60 


0.4175 


58.25 


04.8 


1.00 


0.4948 


50.52 


81.7 


2.50 


0.4815 


51.85 


88.9 


5.00 


0.5100 


49.00 


79.3 


Experiment 4. 


Ox bile. Neutral extract of ox pancreas. 




Per cent of Bile. 


Undigested Besldue. 


ritrin Digested. BelsUve ProteolTtic AetiOB. 





0.2873 gram 


71.27 per cent 


100.0 


1.0 


0.8203 


67.97 


95.3 


2.0 


0.8203 


67.97 


95.3 


3.0 


0.3265 


67.45 


94.6 


5.0 


0.8806 


66.94 


93.9 


10.0 


0.3823 


66.77 


03.6 


15.0 


0.3019 


69.81 


97.9 


Experiment 5. 


Ox bile. Neutral extract of ox pancreas. 




Per cent of Bile. 


Undigested Besidue. 


Fibrin Digested. Belative 


Protaolytio Actioo. 





0.0008 gram 


39.92 per cent 


100.0 


1.0 


0.6880 


41.20 


108.2 


2.0 


0.6049 


39.61 


98.9 


3.0 


0.6167 


38.43 


96.2 


4.0 


0.6287 


87.13 


93.0 


6.0 


0.6228 


87.72 


94.4 


10.0 


0.6179 


88.21 


95.7 


Experiment 6. 


Dog's bile. Neutral extract of ox pancreas. 




Per cent of Bile. 


Undigested Beeidoe. 


Fibrin Digested. ReUtiTe Proteolytic Action 





0.4070 gram 


59.80 per cent 


100.0 


1.0 


0.4165 


58.35 


08.3 


2.0 


0.4175 


58.25 


98.2 


8.0 


0.4848 


56.62 


95.3 
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7. Dog^s bile. Neutral extract of ox pancreas. 

ft. UndlgMfeed Bcildiw. VIMd DlgMtod. BdftUTe ProtMlytle AtOoo, 

0.8868 gram 66.47 per cent 100.0 

0.8880 66.11 00.4 

0.3206 67.06 100.8 

0.3094 69.06 108.8 

0.3679 64.21 96.6 

a3760 62.40 93.8 

I. Dog's bile. Neutral extract of ox pancreas. 

B. UndigMted RotidiM. VIMd Digertad. BelAtlv« Protoolytio Aotton. 

0.4636 gram 64.66 per cent 100.0 

0.4602 63.98 98.7 

0.4641 64.69 99.8 

0.4461 66.39 101.3 

0.4870 66.80 lOaO 

0.4046 69.66 106.9 

0.4188 68.12 106.8 

0.4166 68.46 106.9 

9. C^t's bile. Neutral extract of ox pancreas. 

ft. UndigMted RotidiM. llbrin DIgeatad. ReUtiTe Protoolytio Aefeioii. 

0.4189 gram 68.11 per cent 100.0 

0.4226 67.74 99.8 

0.4468 66.47 96.4 

0.4124 68.76 101.1 

10. Sheep's bile. Neutral extract of ox pancreas. 

to. UndigMted RMldae. llbrin DigMtod. RelatiTe Proteolytic Aetloa. 

0.6161 gram 48.39 per cent 100.0 

0.6098 49.02 101.3 

0.6187 48.18 99.4 

0.6271 47.29 97.7 

0.6883 46.17 96.4 

0.6018 49.82 102.9 

II. Sheep's bile. Neutral extract of ox pancreas. 

to. UDdigMtad RaddiM. llbrin DigMtad. ReUtiTa Protaolytio Actioa. 

0.2409 gram 76.91 per cent 100.0 

0*J801 76.09 101.4 

02709 72.91 96.0 

2646 7^66 96.8 

0.3011 69.89 92.0 

0.3370 66.30 87.3 

0.8142 68.68 90.3 
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Bzperiment 18. Sheep's bile. Neutral extract of oz pancreas. 

Per cent of Bile. Undigested Residue. Fibrin Digested. Relative PMteolytk 



• 


0.4826 gram 


51.74 per cent 


100.0 


0.25 


0.4754 


52.46 


101.8 


0.50 


0.4717 


52.88 


102.1 


1.00 


0.4931 


50.69 


96.0 


2.50 


0.4685 


58.15 


102.7 


5.00 


0.4689 


58.11 


102.6 


10.00 


0.4383 


56.17 


108.5 



Experiment 18. Sheep's bile. Neutral extract of ox pancreas. 

Per cent of Bile. Undigested Residue. Itbcin Digested. Relskive Protodjrtie icli» 

0.3425 gram 65.75 per cent 100.0 

0.5 0.3856 66.44 101.4 

1.0 0.3149 68.51 104i 

2.5 0.8258 67.42 102.5 

5.0 0..3427 65.73 99.9 

10.0. 0.3287 67.18 102.0 

Experiment 14. Sheep's bile. Neutral extract of ox pancreas. 

Per cent of Bile. Undigested Besldae. Fibrin Digested. Relative Proteoljtie icti*> 

0.5791 gram 42.09 per cent 100.0 

0.25 0.5705 42.95 102.0 

0.50 0.6637 48.63 10a6 

1.00 0.5685 48.64 108.6 

2.50 0.5772 42.28 100.4 

10.00 0.5414 45.86 108.9 

Experiment 15. Sheep's bile. Neutral extract of ox pancreas. 

Per cent of Bile. Undigested Residue. Fibrin Digested. Relative Protedjtie ictiaB. 

0.8507 gram 64.93 per cent 100.0 

1.0 0.3499 65.01 100.9 

2.5 0.8492 65.08 101.0 

5.0 0.3569 64.31 99.0 

10.0 0.3132 68.68 105.7 

Experiment 16. Sheep's bile. Neutral extract of ox pancreas. 

Per cent of BUe. Undigested Residue. Fibrin Digested. Relative ProCeoljUe idiaS' 

0.8305 gram 66.95 per cent 100.0 

0.25 0.3282 67.18 100.3 

0.50 0.3243 67.57 1014 

1.00 0.3344 66.56 99.4 

2.50 0.3446 65.54 97.8 

5.00 , 0.8398 66.02 06.6 

10.00 * 0.3076 69.24 108.4 



1 
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in Experiments 2 and 7, also in 12 and 13. Here we ha?B 
marked differences in the ratio of acid salts to alkaline saltBi 
but without any appreciable difference in the relative pro- 
teolytic action of the mixtures. Everything else being equal, 
we should expect to find increased proteolysis most marked in 
those mixtures where the bile introduced showed a predomi- 
nance of alkaline salts, but no such conclusion can be diawn 
from the results. On the contrary, it is plain that such slight 
influence as bile exerts on the proteolytic action of netUrd 
pancreatic juice is not connected primarily with change 
of reaction, but must be attributed to some other cause. 
These points, however, will be referred to again in another 
connection. 



nL Influence of Fbesh Bile on the Pbotbolytic 
AcnoN OF THE Pancreatic Enzyme in Alkalm 
Solution. 

The experiments embraced under this head were conducted 
in the same manner as those previously described, except that 
to each digestive mixture was added 0.125 gram of sodium 
carbonate. Hence, each mixture contained 0.26 per cent 
sodium carbonate, unless modified by the bile added. Follow- 
ing are the results obtained : — 



Experiment 18. Pig's bile. Alkaline extract of ox pancreaa. 



Pttr oeot of Bile. 


Undigested Reddne. 


FHHin Digwtod. BelatiTel 


"roleoljt 





0.3721 gnun 


62.79 per oent 


100.0 





0.3790 


62.10 


08.9 


1.0 


0.4440 


66.60 


S»Ji 


1.0 


0.4360 


66.60 


89.9 


2.0 


0.4490 


66.10 


87.7 


2.0 


0.4699 


68.01 


84.4 


6.0 


0.4818 


66.82 


90.4 


6.0 


0.4230 


67.70 


91.8 


10.0 


0.4266 


67.46 


91.4 


10.0 


0.4198 


68.02 


92.4 
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19. Pig's bile. Alkaline extract of pig's pancreas. 



PHroHitofBaa. 


Undj 


[gartad Beddaa. 


Fibrin Dlgartad. BalAtiTo! 


Protaolytio Action. 







0.87d9 gram 


62.81 per cent 


100.0 


1.0 




0.8762 


62.48 


100.2 


10.0 




0.8097 


60.03 


96.8 


16.0 




0.4037 


69.63 


95.6 


26.0 




0.4840 


66.61 


90.6 


6ao 




0.6048 


49.62 


79.4 


Sxptriflieiit 90. 


Pig*! 


1 bile. Alkaline extract of pig's pancreas. 




PivoHitofBaa. 


UndigMted Betidae. 


ninrin Digested. BalatiTa Protoolytio Action. 







0.1586 gram 


64.66 per cent 


100.0 







0.1408 


85.02 


100.4 


8.0 




0.2060 


79.20 


93.6 


6.0 




0.2177 


78.23 


92.4 


10.0 




0.2462 


76.88 


69.0 


15.0 




0.2400 


76.00 


69.7 


20.0 




0.2003 


73.97 


67.8 


26.0 




0.2428 


76.72 


69.4 


30.0 




0.2560 


74.40 


67.6 


40.0 




0.2748 


72.67 


65.7 


Xzpsriment 91. 


Pig'l 


1 bile. Alkaline extract of ox pancreas.* 




Nr oent of Bile. 


UndigMtad Botidne. 


Albamin Digested. BaktiTO Protoolytio Action. 







0.0691 gram 


66.41 per cent 


100.0 







0.0832 


69.20 


100.8 


2.0 




0.1820 


62.60 


93.6 


6.0 




0.0766 


90.07 


101.8 


16.0 




0.0267 


96.66 


109.3 


20.0 




0.0262 


96.47 


109.1 


Sxptriflieiit 99. 


Ox bile. Alkaline extract of ox pancreas. 




Par otnt of Bflo. 


UndigMtad Beddna. 


Fibrin Digad«d. BalatiTa Proteolytic Action. 







0.2462 gram 


75.18 per cent 


100.0 


1.0 




0.2666 


74.35 


98.8 


2.0 




0.2771 


72.29 


96.1 


8.0 




0.2029 


70.71 


94.0 


4.0 




0.2860 


71.40 


94.9 


6.0 




0.2662 


71.38 


04.9 


10.0 




0..%86 


69.64 


92.6 


16.0 




0.2627 


71.78 


95.4 



* In this experiment, thoroughly washed coagulated egg-albumin was em- 
ployed instead of blood fibrin. Each mixture contained originally 3 grams 
of the coagulum = 0.7707 gram of dry proteid. 
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Xxparlment 28. Calf s bile. Alkaline extract of ox pancieaa. 

Pto OMit of BOA. UndigMted BMidae. Fibrin DigMfeed. Btiatff* PlolMlytk illli& 

0.2996 gram 70.04 per cent 100.0 

1.0 0.3190 68.10 .2 

2.0 0.8400 66.01 04.1 

8.0 0.8348 66.62 04.9 

4.0 0.8314 66.86 95.4 

5.0 0.3118 68.87 96.3 

10.0 0.2662 78.88 104.6 

15.0 Oi2750 72.60 108.6 



Zxperiment 24. Homao bile.* Alkaline extract of ox pancreaa. 

PwomtofBUe. UndigMted BMidae. TOnrin Digerted. TMmOw PnUiAjtk itUm. 

Oi2960giam 70.40 per cent 100.0 

0.5 0.8060 69.20 98.2 

1.0 0.3091 69.09 98.1 

2.0 0.3085 69.15 98.2 

8.0 0.3074 69.26 98.8 

5.0 0.8267 67.33 95.6 

10.0 0.3360 66.40 94.8 

20.0 0.8080 60.20 86.6 

40.0 0.4904 60.96 72.3 



Xxperlment 26. Dog's bile. Alkaline extract of pig's pancreas. 

P»r Mot of Bile. Undigeeted Reeidne. Fibrin DigMted. BelatiTe Protaoljtic icci» 

0.1598 gram 84.02 per cent 100.0 

0.1779 82.21 97.8 

0.5 0.1855 81.45 96.9 

1.0 0.2237 77.63 92.8 

5.0 0.2041 79.50 91.7 

10.0 0.2433 75.67 90.0 

15.0 0.2481 75.10 89.4 



Experiment 26. Dog's bile. Alkaline extract of pig's pancreas. 

Per cent of Bile. Uodlgested Reddoe. Fibrin Digested. Bebittre Proteolytk Afltioft 

0.1884 gram 81.16 per cent 100.0 

2.0 0.1518 84.87 104.5 

4.0 0.1148 88.52 109.0 

8.0 0.1470 85.30 105.1 

15.0 0.1894 81.06 99.8 

* Containing 13.3 per cent of solid matter. 
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Xxparlment SI. CiysUllized ox-bile salts. Neatral extrmet of oz pucrett. 
Per cent of Bfla BiOU. UndigMted BmUim. Fibrin Di g M t id. Bdattf* PiolM^ytk Aclim 



 




0.2038 1 


erram 


70.67 per cent 


loao 





Oi8707 




72.93 


103.1 


1.0 


0.2819 




71.81 


101.6 


2.0 


0.2679 




74.21 


106.0 


8.0 


0^144 




68.66 


97.0 


6.0 


0.8790 




62.10 


87.8 



Ezperimint 88. CiysUlIized ox-bile salts. Neutral extract of ox pancresi. 
Per cent of Bite Bftltk UndigMtad BMidae. fibrin DifMted. BalatiTe PMtMlTtie Adka 






0.8866 1 


ipam 


61.84 per cent 


lOOX) 


0.26 


0.4481 




66.19 


89.9 


1.00 


0.4676 




68.26 


86.8 


2.00 


0.4661 




63.49 


87.2 


8.00 


0.4628 




64.72 


89.2 


6.00 


0.4360 




66.40 


91.9 



Experiment 88. Crystallized ox-bile salts. Alkaline * extract of oz pancitsa 
PwoMtof BitoSttltt. Uodigestod BMldae. in»iln DifMted. BelatiTe ProtMljtk iclki> 






0.4940 1 


erram 


60.60 per cent 


100.0 





0.4970 




60.30 


99.4 


1.0 


0.4729 




62.71 


104.1 


2.0 


0.4466 




66.36 


109.3 


ao 


0.4722 




62.78 


104.3 



Experiment 84. Pure crystallized sodium glycocholate. Alkaline extract of 
ox pancreas. 

Ol^boijiL UndigMtod BeddM. Fibrin DigMtad. Belnti^ Pi«t«)ljtic Adta- 

0.6374 gram 46.20 per cent 100.0 

0.6277 47.23 102.2 

1.0 0.6469 46.41 9a3 

2.0 0.6673 44.27 96.8 

8.0 0.6987 40.13 86.8 

Experiment 85. Bile salts from pig's bile. Neutral extract of pig's pancreti- 

Pw onit of BOe SalU. Undigeatwl Reddoe. Fibrin DigMked. BoliittTO Proleo|jtfe Idte 
0.6781 gram 42.19 per cent 100.0 

0.6 0.6197 88.03 90.1 

1.0 0.6427 86.78 84.6 

2.0 0.6894 81.06 7^6 

8.0 0.7106 28.96 68.6 

* Each mixture containing 0.26 per cent sodium carbonate. 
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Fresh pig's bile, rerj riscid, haring a spedflc grmTitj of 1086, an additj 
of 0.58, and an alkalinity of 1.15, was treated with fire Tolomes of stroDf 
alcohol, the precipitate filtered off, and washed with alcohoL The united 
filtrate and washings were then eraporated for the remoral of the alcohol, 
and the fluid made up with distilled water to the original Tolome. The sdd* 
i^ was now 0.48, and the alkalinity 0.00. The action of a portion of the 
original fresh bile and of the bile freed from nudeoalbumin, etc, on proteo* 
lysis was then tested. 



Xzperimant 40. 

Per o«ot of Bite. 

0.25 
0.60 
1.00 
2.60 
5.00 
10.00 



With fresh pig's bile. Neutral extract of ox pancreas. 



Uodigested BMidae. 
0.5777 gram 
0.6088 
0.6241 
0.7000 
0.7118 
0.6496 
0.7236 



nbrinDigMtod. BelatiTe PratoolytieAdka 



42.23 per cent 

39.12 

37.69 

80.00 

28.82 

36.04 

27.66 



100.0 
92.6 
89.0 
71.0 
68.2 
82.9 
66.4 



Xzperimint 41. With bile freed from nucleoalbumin. Neutral extract of ox 



pancreas. 

Per cent of Bilfl. 

0.26 
0.50 
1.00 
2.50 
5.00 
10.00 



UndigMtad Baddae. 
0.6446 gnun 
0.6666 
0.6651 
0.7007 
0.7351 
0.7217 
0.6598 



Fibrin DigMtod. SdatttTt PMtaolytk Aflttoa 



36.64 per cent 

34.44 

38.49 

29.93 

26.49 

27.88 

34.02 



loao 

96.9 
94.2 
84.2 
74.6 
78.3 
96.7 



position of the various constituents. For this purpose 440 
CO. of fresh ox bile, containing 12.4 per cent of solid matter, 
were evaporated to a very thick syrup on the water-bath and 
precipitated w-ith absolute alcohol. The small precipitate 
which resulted was filtered off, washed thoroughly with al- 
cohol, and then dried over sulphuric acid. It weighed 2,27 
grams. The alcoholic filtrate was treated with a large volume 
of ether, the precipitated bile salts filtered off, washed thor- 
oughly with ether, and dried. The alcohol-ether filtrate was 
allowed to evaporate, and finally brought to complete dryness 
on the water-bath. The effect of these three fractions on 
pancreatic proteolysis was then determined in the usual man- 
ner. The bile salts and the residue from the alcohol-ether 
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percentage of eidier free or combined acid, really present. 
The question is one of considerable physiological importance, 
and if it is true that the pancreatic juice acting in an acid 
solution will do more work than in a neutral solution, it 
should be clearly established. We have, therefore, first turned 
our attention to this point. 

Ezperiment 44. With neutral extracts of ox pancreas and pig's pancreas 
(neutral to litmus). 

10 c.c. of the extract of pig's pancreas required 4.95 c.c. 0.2 per cent HCl 
to combine with all the proteid matter present* 

10 C.C. of the extract of ox pancreas required 2.65 c.c Oi2 per cent HCl 
to combine with the proteids. 

In the digestions with pig's pancreatic fluid each mixture contained 
10 c.c. of the extract, while with the pancreatic fluid from the ox pancreas 
80 C.C. of extract were used in each case. Acid was then added to the 
mixtures as specified, tlie percentages being calculated on the total 
Tolume (50 c.c.) of the digestive mixtures. In no case was any/ree acid 
present 

Neutral 0.8279 gram 67.21 per cent 100.0 

Proteids combined with HCl — 

Quarter saturated (0.007% HCl) 0.3782 62.18 92.6 

Half " (0.016% HCl) 0.4P96 60.06 74.4 

Wholly " (0.080% HCl) 0.8710 12.90 19.1 

Pif *■ PiuicrMtic Juioe. 

Neutral 0.0486 96.66 100.0 

Proteids combined with HCl — 

One^ixth saturated (00016% Ha) 0.0469 96.81 99.6 

Quarter " (0.0026% HCl) 0.0660 94.60 98.7 

Half " (0.0040% HCl) 0.0826 91.74 96.9 

WhoUj " (0.0099% HCl) 0.2239 77.61 81.1 



It tf . 10 c.c. of the extract of ox pancreas required 4.3 cc. 0.2 
per cent HCl to combine with the proteids. 

10 c.c. of the extract of pig's pancreas required 4.6 c.c. Oi2 per cent HCl 
to combine with the proteids. 

In the digestions, 10 c.c. of the extract of pig's pancreas and 80 cc. of 
the extract of ox pancreas were employed. 

* Trop«olin oo in methyl alcohol was used as the indicator for free acid. 
Obrioutly, in conducting the titrations, deduction was made for the excess of 
add required to bring out the color. 
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Ezperiment 60. With extract of pig's pancFeos. Bile salts from pig's bile 
made perfectly neutral. Salicylic acid used to combine with the proteids. 

OhuMsttr of the Fluid. ^bSSST* l^M, ^^^^ 



fgcau per osnfc. 

Neutral 0.2132 78.68 100.0 

Proteids combined with acid — 

Half saturated with acid (0.063% acid) 0.0088 80.02 G0.3 

+ 0.6% BUe salU 0.7660 2a41 29.7 

" "4-10% " 0.8120 18.80 22.6 

« " +2.0% " 0.8319 16.81 21.3 

+ 3.0% " 0.8900 11.00 18i) 

Ezperiment 61. With extract of ox pancreas. Fresh pig's bile. Salicylic 
acid used to combine with the proteids. 

Cba»eter of the Fluid. ^r2SS?* I^^ ^^^ 

gnn. percent. 

Neutral 0.4126 68.76 100.0 

Proteids combined with acid — 

Half saturated with acid (0.038% acid) 0.7111 28.89 49.1 

+ 0.6% Bile 0.7242 27.68 46.9 

+ 1.0% « 0.7283 27.17 46.2 

+ 6.0% " 0.7662 23.38 80.7 

+ 10.0% " 0.7864 21.46 36.6 

+ 20.0% " 0.7819 21.81 37.1 



« «f 

«< « 

<( « 

« « 



Experiment 62. Neutral extract of ox pancreas. Fresh ox bile. 

In this experiment the proteids of the pancreatic extract were not 
treated with acid, but sufficient acid was added to the fibrin to saturate it, 
or half saturate it (as tested by tropseolin oo), prior to addition of the 
pancreatic extract. 

C«.dlUon. ''-aSr 

grm. 

Neutral fibrin 0.8643 

Fibrin saturated with acid (6 c.c. 0.2% HCl) 0.6766 

+ 10% Bile 0.6490 

" half saturated with acid (2.6 c.c. 0.2 % HCl) 0.4690 

" + 6% BUe 0.4980 

In only one of these experiments (Experiment 47) do we 
see any distinct suggestion of aid to pancreatic proteolysis 
when bile or bile salts are added to a pancreatic extract con- 
taining combined acid. Combined acid alone tends to retard 
proteolysis, and the addition of bile to such mixtures as a rule 



Fibrin 
Digested. 


Relatire 

Proteolytte 

Actioo. 


per cent. 




63.67 


100.0 


42.46 


68.8 


46.10 


70.9 


63.10 


88.6 


60.20 


78.9 



ON THE EXCRETION OF KYNURENIC ACID.* 

By LAPAYETTB B. MENDEL akd HOLMES C. JACKSON. 

Although it is nearly half a century since Liebig discoyeTed 
kynurenic acid in the urine of the dog, and this compouiid 
has long been assigned the constitution of an oxyquinoline- 
carboxylic acid,f there is much investigation yet demanded 
regarding its antecedents and origin in the metabolic processes 
of the body. The occurrence of kyniirenic acid in the animal 
organism is interesting, because with the exception of o- 
methylquinoline recently isolated by Aldrich and Jones % from 
the anal secretion of Mephitis mephitica (common American 
skunk), it is, so far as we recall, the only quinoline compound 
discovered in connection with the animal body. Furthermore, 
the study of kynurenic acid production is important, because 
of the light which it promises to throw upon the transforma- 
tions going on in the system, upon the constitution of the 
proteids from which the compound is derived, and possibly 
upon the physiological behavior of compoimds like many of 
the alkaloids related to quinoline derivatives. 

The early investigations on k)murenic acid can scarcely 
demand detailed consideration at present, since in the absence 
of satisfactory analytical methods the separation of uric acid 
(and possibly other sulJstances) from the acid investigated was 

 Reprinted from the American Journal of Physiology, vol. ii. A pre- 
liminary account of some of the experiments described in this paper was 
presented at a meeting of the American Physiological Society, December 28, 
1897. 

t Schmiedeberg and Schultzen, Ann. Chem. Pharm., 1872, clxiv, p. 155. 
Kretschy, Berichte d. deutsch. chem. Gesell., 1879, zii, p. 1678 ; Monatshefte 
fiir Chemie, 1881, ii, p. 57. 

t Aldrich and Jones, Journal of Experimental Medicine, 1897, ii, p. 439. 
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a commercial prepaiatdoii containing dried meat, carbohydrates 
(sugar-beet), etc.; the albumin was commercial albumen e 
sanguine ; the vegetable proteid was crystallized edestin (phy- 
tOYitellin) prepared from hemp seed after the manner already 
described by one of us ; * the Witte's " pepton " was the 
widely used product made up almost entirely of proteoses 
(from fibrin). The latter preparation contained 14 per cent 
N. A mixture of inorganic salts as recommended by J. 
Munk f was daily added to the diet in experiment C. 

Various investigators have demonstrated that the proteoses 
and peptones may show caloric and nutritive values equiva- 
lent to those of the proteids from which tiiey originate.J 
Several of our experiments (B, C, D) show a characteristic 
excretion of kynurenic acid after repeated feeding of proteoses 
(Witte's "pepton"). No disturbances of the gastro-intesti- 
nal tract (as with ** Somatose," p. 235) were observed with this 
product. 

* ChittendeD and Mendel, Journal of Physiology, 1894, xyii, p. 49. 
t J. Mnnk, Virchow's Arch. f. d. exper. Pathologic, czxzii, p. 102. 
X Cf. Monk and Ewald, Die Em&hning, 1896, p. 34. 
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The increaaed output of kjnutenio acid Attending the lsi;ge 
increase in proteid katabolism (over that in inanition) thus 
jiutifies the emphasis placed upon the close relationship 
between these factors. Owing to less careful conditions of 
experiment (lack of catheterization, etc.) the ratio of dextrose 
to nitrogen is somewhat lower than that found hy Lusk. In 



FIGURE 1. 
Doo K. The abtcitiK repreient the iuccetaive dsjs of the eiperimeiit; the 
ordinate* of the unbroken line repreient Kr>""s it H excreted, tlio*e of the 
broken lino represent milligraiDB of kjnurcnlc ftcid. 

the experiment on Dog K the ratio is higher. In this animal 
eugtir persist«d in the urine for several days after the phlo- 
rhizin injection. The ratio of dextrose to nitrogen during the 
phlorhizin days was as 8.68 : 1. The other phenomena 
observed resemble those of the preceding experiment, namely, 
increased kynurenic acid excretion accompanying stimulated 
proteid decomposition,* as shown in the curves of Fig. 1. 

Amyl nitrlt* vxperlmaiit. — The production of diabetes in the 
dog by means of amyl nitrite has been demonstrated 1^ a 
number of investigators, -f We have also studied the action of 

* Id the CMe of one dog which excreted nn kronreutc acid dming lii 
daji' atarvatloD we were unable to get timilar reaulta with phloriiMn, 

t AtakI, Zeltachr. (. ph;»iol. Chemie, 1801, it, p. 66S. The older Utentnre 
ii referred to here. 



KYNURENIC ACID. 255 

does not give rise to kynurenic acid in metabolism, acting 
precisely lUce the carbohydrates in this respect. In conditions 
of ordinary nitrogenous equilibrium, or under the influence of 
proteid-sparing foods, kynurenic acid excretion is greatly 
diminished or absent. 

The observations suggest the presence of quinoline-like 
radicals in the proteid molecule; the existence of a large 
carbohydrate group is also confirmed. 

Uric acid and kynurenic acid may occur together in dog's 
urine, as Solomm has found. Kynurenic acid is absent from 
the urine of the cat during fasting and proteid feeding, and is 
not found in the urine of the rabbit during inanition. 
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or collected without effort, shows a natural tendency to vary 
both in composition and in amylolytic power throughout the 
twenty-four hours, and apparently independent of the taking 
of food. Between 7.00 and 11.00 A.M., however, in the 
absence of food the secretion is remarkably constant. 

Mechanical stimulation, as chewing a tasteless substance, 
and alcohol, ether, gin, whiskey, etc., taken into the mouth, 
all lead to the outpouring of a secretion richer in alkaline- 
reacting salts and in amylolytic power than the secretion 
coming without stimulation. 

Mixed saliva resulting from stimulation with ether, alcohol, 
etc., contains a much larger proportion of mucin than the 
secretion coming without stimulation, being noticeably thick 
and viscid. This quality is not apparent in the saliva result- 
ing from mechanical stimulation. 
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ON THE PATHS OF ABSORPTION FOR PROTEIDS.* 

Bt LAFATSITE B. MEISDEL. 



The text4x>oks of physiology agree, at present, in assigning 
to the portal circulation the task of transporting away from 
the alimentary canal ingested proteids after they have been 
modified by the natural digestive processes. The experimental 
evidence in favor of this view is familiar, and has scarcely been 
questioned; recently, however, Asher and Barbara f have 
published the results of an experiment which leads them to 
conclude that the thoracic duct forms — though perhaps only 
to a small extent — a channel for the transportation of digested 
proteids to the blood. These investigators experimented upon 
a large dog having a well-healed gastric fistula. A cannula 
was introduced into the thoracic duct of the animal after it 
had fasted for sixty hours. During continued narcosis the 
hunger-lvmph ui-as collected for an hour ; two hundred grams 
of dry albumin (from blood) were then introduced into the 
stomach through the fistula and thereupon the lymph collected 
for six hours in hourly portions. Total solids, ash, and total 
nitrogen were determined in the seven portions, and the pro- 
teid content of the h-mph was calculated from these data. 
The results obtained may be summarized as follows: 

Experiment of Aiher and BarMra. 

Atskaob CoMPOsmox of Ltmph, per Hour. 

Before After 

Proteid Feedii^. Proteid Feeding. 

Lymph, grams 16.50 27.91 



Total solidf grams 1.15 2.18 

percent 7.05 7.81 

Ash grams 0.08 0.10 

percent 0.49 0.35 

Nitrogen grams 0.132 0.2ol 

percent 0.809 0.899 

Proteid (N X 6.25) grams 0.825 1.572 

per cent 5.056 5.632 



« « 



• Reprinted from the Amer. Jour, of Physiol., vol. ii. 

t Asher and Barbara: Centralblatt f. Physiologic, 1897, zi, p. 403. **Det 
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jcmi/t. lomin. nmin. 



Injection 

I  t 



Expkbixsht IV. 6 kilo doff. Injection of Antialbumoses (C). 0.3 gram per kilo. 

One fourth the original size. 



^^^^^^^^^^^__ i I l uu MMUWaTiir inn i - ii iiiii m i ii mm .. .^----«--«A««»a« ■»■■■■  iim 




lamh. atmk. 



Experiment VL 7.5 kilo dog. Injection of Heteroalbumose (H). 0.18 gram 
per kilo. (Cf. tracing Exper. XXIX 6.) One eighth the original size. 



mmuL 



^^0^^*10^^ 



iimta. 




JftiTM. 



£xFERiMB2fT EL 6 kilo dog. Injection of Antialbumid (A). 0.2 gram per 

kilo. One eighth the original size. 



19 



290 



A CHEMWO-PHYSIOLOGICAL STUDY OF 



^MMMMMMMMMMMM«lMiMW«MM#MM«#IMM«*AMM*MMWW««MtMM*IMMMMMiMMWM«>M**W*MWMWW» 




mtML 



jmh. 



tMmm^ 



ti^tdim 



Experiment XVIIL 9 kilo dog. Injection of Antipeptone (D). 0.3 gnm 

per kilo. One eighth the original size. 




i»m. »mm. t»f»- 



Experiment XXI. 13.5 kilo dog. Cannula in thoracic duct. Injection of 
Hemipeptone (I). 0.6 gram per kilo. One eighth the original tixe. 
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turn. 
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Experiment XXIV. 6 kilo dog. Injection of IVotogelatose (J). 1.5 grains 

per kilo. One eighth the original lize. 
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Experiment XXVL 6 kilo dog. Injection of Gelatinpcptone (L). 0.6 gram 

per kilo. One eighth the original size. 



"MMMMMMMMMMMMMM«M«MMM#l0%MM«MI^MMMMAMAMi«MAflAM««AMMMMM>OT*AA*WM%MM#WMW*M#M««WW««MMyiVMMW^MMfMH» 
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Experiment XXIX a. 16 kilo dog. Injection of Deuterogelatose (K) 
0.7 gram per kilo, preceding injection of heteroalbumose. (Cf. tracing 
Exper. XXIX 6.) One eighth the original size. 
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umML 
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Mmm, 



injectkm 



Experiment XXIX 6. 15 kilo dog. Cannula in thoracic duct. Injection 
of Heteroalbumose (H). 0.1 gram per kilo after preyiout injection of 
10.5 grams deuterogelatose (K). (Cf. tracing of Exper. VL) One eighth 
the original size. 
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The ammonium sulphate-saturated fluid containing the true 
gelatin-peptone formed by trypsin was freed from the excess 
of ammonium salt by crystallization, the residue removed by 
treatment with barium hydroxide and barium carbonate as 
described in the preparation of hemipeptone, and the true 
peptone precipitated by alcohoL After thorough and repeated 
extraction with boiling alcohol the peptone was dried. Oela- 
tin-peptone (i). It weighed 17 grams. The relative yield of 
deuterogelatose and true peptone in this long-continued hy- 
drolysis with an active solution of trypsin constitutes striking 
evidence of the relatively slow production of true gelatin- 
peptone in trypsin-proteolysis. 

The deuterogelatose in aqueous solution gave no precipitate 
whatever on saturation of the fluid with sodium chloride, 
neither did any precipitate result on addition of acetic acid 
to the salt-saturated fluid. Consequently, it must be con- 
sidered as entirely free from protogelatose.* Tested with 
potassium hydroxide and plumbic acetate for loosely com- 
bined sulphur, both peptone and gelatose gave negative re- 
sults. Negative results were likewise obtained with Millon's 
reagent and the xanthoproteic test. With the biuret test, 
strong solutions of both gelatose and peptone yielded a bright 
pink color. The composition of these two products is shown 
by the following results. 

Analysis op Deutesooblatosb (K)t. 

L 0^11 grmm substance gsTe 0.1705 gram HjO = G.74 per cent H and 

0.6201 gram CO, = 60.46 per cent C. 
n. 0.2896 gmm substance gare 0.1769 gram H,0 = 6.70 per cent H and 

0.6356 gram CO, = 50.45 per cent C. 
IIL 0.3195 gram substance gare bj the Kjeldahl method 0.06556 gram N = 

17.39 per cent N. 
IV. a2952 gram substance gare 0.05134 gram N = 17.30 per cent N. 
V. 0.6166 gram substance gave by fusion with NaOII and KNO, a0126 

gram BaSOf = 0.33 per cent S. 
VL 0.3606 gram substance gare 0.0030 gram ash = 0.81 per cent 

• See Chittenden and Sollej, Journal of Physiologj, 1891, xii, p. 38. 
t Dried at IW> C. until of constant weight. 
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Pebcsntaob Composition of thb Ash-fsxb Svbstaxcb. 



L n. m. iv. V. 

C 60.87 60.86 ... ... ... G0.87 

H 6.79 6.84 ... ... ... 6.81 

N ... ... 17.63 17.58 . . . 17.M 

O ... ... ... ... V.04 v^l 

\J ... ... .*• ... ... 94 40 

100.00 

Analysis of Gelatin-Peptonb (L). 

L 0.2084 gram substance gave 0.1797 gram H,0 = 6.69 per cent H tnd 

0.6168 gram CO, = 47.23 per cent C. 
II. 0.2134 gram substance gave 0.1286 gram II^O = 6.60 per cent H tnd 

0.3709 gram COj = 47.40 per cent C. 
ni. 0.28G9 gram substance gave bj the Kjeldahl method 0.04827 gram 

N = 16.82 per cent N. 
IV. 0.2168 gram substance gave 0.03661 gram N = 16.88 per cent N. 
y. 0.6017 gram substance gave by fusion with NaOH and KNOg 0.0119 gram 

BaS04 = 0-32 per cent S. 
VI. 0.6376 gram substance gave 0.0114 gram ash = 2.12 per cent. 

Peecentagb Composition of the Ash-fbeb Substance. 

IIL lY. V. Armff*. 

«•• ••• ••• 90**^t# 

• •• ••• ••• \l*^9 

17.18 17.24 . . . \'2\ 

... ... 0.83 0.33 

• •• ••• ••• mi «>J*/ 





L 


n. 


c 


48.26 


48.42 


H 


6.83 


6.83 


ri 

s 


... 
... 


... 
... 





... 


... 



100.00 



Comparing these results with the composition of the pure 
geLatin from which the gelatose and peptone were derived we 
have the following figures : 



Oelatiu.* Denterc^relatoae. CMatin-PepCooe. 



c 


60.11 


60.87 


48.33 


H 


6.66 


0.81 


0.83 


N 


17.81 


17.63 


17.21 


S 


0.26 


0.34 


0.33 





26.24 


24.46 


27.80 



Thus, again we have a forcible illustration of tlie fact that 
in both i)epsin- and trj-psin-proteolysis the formation of tnie 
peptone is associated with a marked diminution in the content 



* Van Name, loc. cit, p. 124. 
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ary experiments have failed to demonstrate allantoin produc- 
tion after administration of hydra^zine sulphate. 

4. The ordinary daily uric acid output per kilo of body 
weight in the cat is scarcely smaller than that observed inman 
and the dog. Creatinine is ordinarily present in cats' urine in 
noticeable quantity. 
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combined sulphuric acid. Finally it was washed with weak 
and strong alcohol and lastly with ether. When dry, the 
finely powdered substance was repeatedly boiled with distilled 
water to insure the complete removal of any adherent soluble 
salts. 

Analysis of a sample of this product, dried at 110° C. until 
of constant weight, gave the following results : 

1. 0.3397 gram substance gave 0.2098 gram H,0 = 6.86 per cent H and 

0.6654 gram CO, = 53.45 per cent C. 
IL 0.3489 gram substance gave 0.2114 gram H^O = 6.88 per cent H and 

0.6719 gram COj = 53.29 per cent C. 
HL 0.2259 gram substance gave bj the Kjeldahl method 0.03054 gram N = 

18.52 per cent N. 
IV. 0.2502 gram substance gaye 0.08429 gram N = 13.70 per cent N. 
y. 0.6210 gram substance gave by fusion with NaOH* and KNOs 0.1001 

gram BaS04 = ^'^^ P^^* cent S. 
YL 1.0297 grams substance gaye 0.0081 gram ash = 0.80 per cent 

Pbbcbntaob Composition of the Ash-frbb Antialbumid. 

L n. m. nr. Y. Average. 

C 53.59 58.45 ... ... ... 58.52 

H 0.86 6.83 ... ... ... 6.84 

N ... ... 18.56 13.74 . . . 13.65 

o ... ... ... *.. JL»am £»aA 

\j ..• ... ... ... ... ^O. I I 

100.00 

Comparison of the following figures shows the relationship 
in composition between the antialbumid and the mother sub- 
stance from which it was derived. 

Coagulated Egg-albainin.t Antialbiimid. 

C 52.18 58.52 

H 6.93 6.84 

N 15.81 18.65 

S 1.87 2.22 

O 23.21 23.77 

Most conspicuous is the marked loss of nitrogen and the 
corresponding rise in carbon, — results which accord more or 

* Pure NaOH prepared from metallic sodium and free from sulphur. The 
fusion was made oyer an alcohol lamp. 

t Chittenden and Bolton, Studies in Physiological Chemistry, Yale Uni- 
yersitj, 1887. ii, p. 180. 
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perhaps, antialbumid is especially well adapted to be the 
mother substance of a melanin. Between antialbumid and the 
melanins there is a certain recognizable kinship in composition, 
which renders the formation of a melanin-like pigment from 
this peculiar form of proteid matter an easy task. It is equally 
clear, from our experiments, however, that melanin may be 
formed likewise from such dissimilar proteid substances as 
so-called hemipeptone, from which we are forced to the eoiv- 
clusion that no one form of proteid matter is the sole antecedent 
of these peculiar brownish black pigments. 
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elementary analysis. The substances isolated all gave the 
eholesterin-like reactions described for them. 

Hen Bemm. — Several preparations of cholesteryl oleate were 
separated from the serum of hens' blood and purified. They 
all melted at 43-44® C. An analysis of two products gave 
the following results: 

Analysis of Cholestestl Olkatb. 

Prepwation L Preparation U. HUrthle*s Average. Q^fi^^^ ' Thiwry. 
per cent. per cent. per cent. per cent. 

Carbon 82.68 82.40 82.84 83.02 

Hydrogen 12.04 11.90 11.77 11.06 

The approximate yield of cholesteryl oleate did not vary 
greatly. Thus : 

I. 600 C.C. ienim yielded 0.24 gram = 0.06 per cent. 
IL eiOcc. " 0.19 " =0.03 

in. 1660 C.C. " 0.78 " = 0.06 ** 

IV. 2200C.C. - 1.06 " =0.06 " 

From over four liters of serum about 0.2 gram sub- 
stance was obtained, having a melting point (after recrystal- 
lization) of 77-78° C. and thus corresponding with the 
cholesteryl palmitate. The crystalline form also confirmed 
this deduction. 

Turkey semm. — In one instance a relatively large yield of 
cholesteryl oleate was obtained from turkey serum. Thus : 

L 600 c.c. terum yielded 0.87 gram = 0.06 per cent, 
n. 1000 C.C. " 1.43 " = 0.14 

The preparations melted at 43-44° C. and one of them (II.) 
showed the following composition on analysis : 

Carbon 82.84 per cent. 

Hydrogen 11.79 " 

A preparation corresponding in crystalline form and solu- 
bilities with cholesteryl palmitate melted (after recrystalliza- 
tion) at 77-78° C. 

Goose Beram. — From 220 c.c. of this serum about 150 mgr. 
(0.07 per cent) of characteristic rosettes of needles were 
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from alcohol-ether the more characteristic rhombic tables 
appeared. These crystals showed the characteristic color 
reaction with chloroform and concentrated sulphuric acid, and 
the absence of fats or fatty acids was demonstrated by the 
fact that they melted at a temperature above 100° C. The 
corpuscles of the sheep, dog, hen, and turkey were examined, 
and cholesterin crystals obtained in every instance.* 

I desire to acknowledge the kind advice of Professor 
Lafayette B. Mendel, at whose suggestion these experiments 
were carried out. 

* Since the preceding account was tent for publication, a paper by 
£. Hepner, " Ueber den Cholestearingehalt der Blutkorperchen/' has appeared 
in the Archir f. d. ges. Physiol., 1899, Ixxiii, p. 596. The cholesterin-content 
of the corpuscles of the dog and horse was determined ; free cholesterin was 
also detected in the blood-plasma. 
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sympathetic and the resultmg secretion of a saliva of small 
volume but large content of organic matter cause a loss of 
solids in the gland which is considerably less marked than 
that resulting from the abundant secretion excited by stimu- 
lation of the chorda tympani alone. Finally, the view that in 
the submaxillary gland proteid metabolism is more or less 
distinct from the processes of combustion and liberation of 
energy, accords both with the accepted theory of nutrition in 
tlie organism as a whole, and with the hypothesis of Heiden- 
hain * that the elimination of water and salts and the elimina- 
tion of the organic constituents of saliva are controlled by 
different mechanisms. For, on the one hand, in the proteid 
metabolism of the cells, controlled by the trophic nerve fibers, 
anabolism occurs to a certain extent coincidently with kata- 
bolism. The secreting gland tends to remain in nitrogenous 
equilibrium. On the other hand, the processes controlled by 
the secretory fibers are apparently performed at the expense 
of a combustion of carbonaceous material stored within the 
cells during rest, to become the source of heat and aecretoiy 
work. 

In conclusion, the writer desires to acknowledge his obliga- 
tion to Professor Lafayette B. Mendel, both for the suggestion 
of the subject of this investigation, and for valuable criticism. 

* Ileidenhain, Hermann's Handbuch der Phytiologie, t, pp. 50-51. 
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animalR are given below ; the uric acid was determined by 
the Ludwig-Salkowski method. 



TABLE I. 

Medium sized dog. The casein fed was freshly precipitated from skimmed 
milk and squeezed as dry as possible. The pancreas was obtained from sheep, 
and was freed from fat and sterilized. Water was freely allowed. The urine 
was not remoTed by catheterization, hence daily averages from three-day 
periods are given. 



DV. 


Food. 


Urino. 


Vol 


Uric Add. 


1 
2 
8 
4 
6 
6 
7 
8 
9 


gnu. 

Cteaein, 200 
Casein. 
Casein. 

Panoreas, 876 
Panoreas, 400 
Panereai, 800 
None. 
None. 
None. 


0.0. 

110 
146 
120 
186 
186 

76 
146 

66 
176 


mgr. 

15? (Average) 

28) ^ 
116) 

78 J 76 

86) 
106) 



TABLE n. 

Medium sized dog. Pancreas prepared as in preceding experiment. Water 
ad libitum. 



JHj, 


Food. 


Urino. 


Vol 


Uric Acid. 


1 
2 
8 
4 
6 
6 


griu. 

None. 
None. 
None. 

Panereai, 846 
Panereai, 860 
Panereai, 680 


0.0. 

64 

60 

62 

226 

170 

180 


mgr. 

16 ) (Average) 

16} 14 

12) 
126) 

96 > 119 
188) 
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TABLE m. 

Cat The animal had preyiouBly been fed on casein for seyeral daya 
The pancreas was prepared as aboTe. 



Day. 


Food. 


Urine. 


Vol. 


Uric Add. 


1 
2 
3 
4 
5 
6 


gnu. 

Panereas, 65 
Panoreas, 120 
Panoreas, 100 
None. 
None. 
None. 


ce. 

25 
50 
65 
35 
20 
18 


mgr 

1" 
1 ^ 



The following protocol is added to demonstrate uric acid 
excretion during hepatic degeneration in a spleenless dog. 
The results are of interest because they illustrate the produc- 
tion of uric acid after exclusion of the function of the two 



TABLE IV. 
Spleenless dog. Phosphorous poisoning. 



Day. 


Urino. 




Vol. 


Uric Acid. 


ToUlN. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


c.c 

245 
350 

290 

140 

180 
163 
158 
260 
184 
148 
88 
... 


mgr. 

77 
103 

168 

118 
120 
100 
126 
171 
106 
52 
87 

• • • 


grm. 

8.54 
7.31 

9.01 

7.06 
7.58 
6.78 
6.12 
9.06 
6.91 
3.83 
1.60 

• • • 


No food. 

« <4 

<i « \ C.C. olenm phosphoratum, 

subcutaneously. 
« <i « 

« « « 

150 firrains pancreas fed. 
50 grams desiccated thTmaa fed. t 
25 " " ** ** 
25 " '• •« «« 

No food. Dog Tery weak. 

Dog died. 



* Uric acid was fed in capsules on these days for another purpose ; mof t 
of it was again recovered in the fteces, and the absence of any corresponding 
rise in nitrogen output indicates that it was not absorbed. 

t The dog Tomited some of this food. 
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chief organs to which this process has been attributed. The 
action on the liver was brought about by subcutaneous injec- 
tion of oleum phosphoratum. The presence of much bile 
pigment in the urine as well as the characteristic metabolic 
changes before death gave evidence of the hepatic action of 
the poison. Histological examination of the liver cells also 
revealed pathological changes in that organ. The dog had 
already received four injections of phosphorus oil during the 
twelve days preceding those here recorded. 

Conclusion. 

Our experiments demonstrate that the spleen is by no 
means the chief otgan involved in uric acid production in the 
living body, if indeed it normally plays any part whatever in 
this process. After the exclusion of the liver and the spleen 
it is natural to turn to other forms of lymphoid tissue, and 
the lymphatic glands are at once suggested. It might be 
supposed that after splenectomy these glands take up the 
work of the spleen. Enlargement of the lymphatic glands 
has been recorded after removal of the spleen in man. But 
the very recent investigations of Vincent,* made to ascertain 
this point in the dog, fail to bring to light any permanent 
hypertrophy of the lymphatic glands after splenectomy. It 
seems improbable, therefore, that the formation of uric acid in 
the mammalia can be assigned at present to any definite 
organ, or groups of organs. 

• Vincent, Journal of Phjsiology, 1900, xxt, p. ii. 
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percentage figures as constant, and in particular he char- 
acterizes the amount of amide nitrogen split off ^^ as a 
sharply determinable and for each proteid a veiy characteristic 
quantity." 

To settle this question fully, the writer has performed a 
series of investigations in which proteids purified with the 
utmost care were boiled for various periods with hydrochloric 
and sulphuric acid of various strengths.* The figures giving 
the results, and set forth in the accompanying table seem to 
show that the concentration of the acid used, as well as the 
duration of boiling, exert a decided influence on the distribu- 
tion of the nitrogen between the different classes of cleavage 
products. This was shown most clearly when the proteids 
were treated with sulphuric acid, evidencing the relation 
between the strength of the reagent and the period of action 
on the one hand, and on the other the amount of amide 
nitrogen split off. With hydrochloric acid also results similar 
in kind were obtained. 

In these investigations the amide nitrogen alone has been 
determined. Yet since they show that the figures obtained 
are dependent upon the conditions of experiment, it is imme- 
diately evident that every increase or diminution in tliese 
figures must be accompanied by a coiTesponding diminution 
or increase in the amount of diamino or monoamino nitrogen, 
or, perhaps, in both. The results obtainable for the- mono- 
amino and diamino nitrogen must necessarily be subject to 
considerable variations, as well as those for the amide 
nitrogen. 

* Tlic method of these dctemiinations was essentiaUy the same as that of 
Uausmann. 



ON THE PHOSPHORUS CONTENT OF THE 
PARANUCLEIN FROM CASEIN.* 

Bt holmes C. JACKSON. 

When casein is treated with pepsin-hydrochloric acid, there 
usually results an insoluble substance which has received 
attention from a number of investigators. Lubavinf pre- 
sented the first careful study of this product, which had 
previously been described by Meissner under the name of 
dyspeptone. He pointed out that the substance contained 
organic phosphorus to the extent of 4.6 per cent, the latter 
varying according to the conditions under which the digestive 
experiments were carried out. 

In 1888 Chittenden,^ while engaged in the study of the 
digestive products of casein, carried out a series of analyses of 
the insoluble residue corresponding to Lubavin's dyspeptone. 
His preparations contained an average content of phosphorus 
amounting to 2.57 per cent. It was pointed out, however, 
that in every case the phosphorus found in the ash of the 
products analyzed was as great as the total phosphorus ob- 
served and Chittenden arrived at the conclusion " tliat instead 
of being a phosphorized compound, it (dyspeptone) apparently 
contains no phosphorus whatsoever, other tlian that combined 
with calcium." Particularly noticeable in all his preparations 
is the large percentage of ash, varying from 12.4 per cent to as 
high as 15.4 per cent. On the other hand, it may be pointed 
out that there is a rather striking constancy in the quantity 
of phosphorus found in these preparations, the significance of 
which will be referred to later. Chittenden ^vas furthermore 

• Reprinted from the Amer. Jour, of Physiol, vol. iv. 

t Luhavin, Iloppe-Seyler'g medicinisch-chemische Untersuchunfj^en, 1871, 
iv, p. 463. 

X Chittenden, Studies in Physiological Chemistry, Yale University, 1880, 
iii, p. 06. 
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transform the paranuclein compound with a high ash content, 
i, e.j paranuclein-calcium (or paranuclein-sodium), into a para- 
nuclein containing only a very small proportion of ash and 
readily giving off its entire phosphorus on ignition. The 
reverse process — the formation of a calciiun compound of 
paranuclein and the consequent cleavage of the phosphorus as 
inorganic phosphorus on ignition — is further demonstrated 
by the following experiment. 

Preparation H — A portion of preparation B was dissolved 
in calcium hydroxide. After evaporation of the fluid to a 
small volume, it was treated with absolute alcohol, and the 
precipitate thus formed removed by filtration. Analysis of 
this product, dried at 105'' C, resulted as follows : 

FhosphoniB found in the ash = 3.03%. 

Summary. 

It is shown that the paranuclein obtained by digestion of 
casein with pepsin-hydrochloric acid always contains a con- 
siderable content of phosphorus in organic combination. The 
results of previous investigators who found that the phos- 
phorus recovered in the ash of their preparations was equiv- 
alent to the total phosphorus content of the paranuclein, are 
attributable to the high ash content of their products. When 
the latter is avoided, and thus the formation of inorganic 
phosphate during ignition is precluded, paranuclein invariably 
yields over 2 per cent of organic phosphorus. 

In conclusion, it is my desire to express my indebtedness to 
Professor Lafayette B. Mendel for many kind suggestions. 
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